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The  various  Keys  composing  this  volume  have  been  given 
the  same  section  numbers  as  the  Question  Papers  to  which 
they  refer;  and  the  answers  and  solutions  have  been  num- 
bered to  correspond  with  the  questions  contained  in  the 
Question  Papers.  In  many  instances  the  answer  to  a  ques- 
tion would  involve  a  repetition  of  statements  given  in 
the  Instruction  Papers;  hence,  in  all  such  cases,  the  student 
has  been  referred  to  an  article  in  the  Instruction  Paper, 
the  reading  of  which  will  enable  him  to  answer  the  question 
himself,  f 


CONTENTS. 


Section 

Arithmetic,  Part  1 1 

Arithmetic,  Part  2 2 

Formulas 3 

Geometry  and  Trigonometry 4 

Gases  Met  With  in  Mines 5 

Mine  Ventilation,  Part  1 C 

Mine  Ventilation,  Part  2 7 

Mine  Surveying  and  Mapping,  Part  1 8 

Mine  Surveying  and  Mapping,  Part  2 0 

Mine  Surveying  and  Mapping,  Part  3 10 

Economic  Geology  of  Coal 11 

Prospecting  for  Coal  and  Location  of  Openings  .     .  12 

Shafts,  Slopes,  and  Drifts 13 

Methods  of  Working  Coal  Mines,  Part  1      .     .      .      .  14 

Methods  of  Working  Coal  Mines,  Part  2     .      .      .      .  15 

Mechanics,  Part  1 10 

Mechanics,  Part  2 17 

Steam  and  Steam-Boilers 18 

Steam-Engines 10 

Air  and  Air  Compression 20 

Hydromechanics  and  Pumi)ing 21 

Mine  Haulage 22 

Hoisting  and  Hoisting  Appliances 23 

Surface  Arrangements  of  Bituminous  Mines   ...  24 

Surface  Arrangements  of  Anthracite  Mines    .  25 

Percussive  and  Rotary  Boring 20 

Compressed- Air  Coal-Cutting  Machinery    ....  27 

v 


vi  CONTENTS, 

Section. 

Dynamos  and  Motors,  Part  1 28 

Dynamos  and  Motors,  Part  2 20 

Dynamos  and  Motors,  Part  3 30 

Electric  Hoisting  and  Haulage 31 

Electric  Pumping,  Signaling,  and  Lighting     ...  32 

Electric  Coal-Cutting  Machinery 33 

Blowpiping 34 

Mineralogy 35 

Assaying 30  ♦ 

Geology 37 

Prospecting 38 

Placer  and  Hydraulic  Mining 30 

Preliminary  Operations  at  Metal  Mines 40 

Metal  Mining 41 

Surface  Arrangements  at  Metal  Mines 42 

Ore  Dressing  and  Milling 43 


INDEX. 


TABLES.  PAGE 

Natural  Sines,  Cosines,  Tanj^rents, 
and  Cotangrents     ....    i-ao 

Latitudes  and  Departures  .  ai-aS 

Radii  of  Deflections  and  Curves    .  39,  30 

Specific  Gravities  and  Weights  per 
Cubic   Foot 3»-33 

Specific  Heat  of  Various  Sub- 
stances     

Analyses  of  Coal       .... 

Coking:  and  Non-Coking  Coals 

Chemical  Elements  .... 

Heat  of  Combustion  of  Various 
Substances 

Rates  of  Diffusion  of  Gases    . 

Explosives 

Illuminating  Power  of  Safety- 
Lamps     

Temperature  of  Combustion  of 
Various  Gases       .... 

Heat,  Volume  of  Gas,  and  Ex- 
plosive Force  of  Prominent  Ex- 
plosives ..... 

Combustion  of  Fuels 

Heating  Surface,  Grate  Area,  and 
Horsepower  of  Boilers 

Coefficients  of  Friction    . 

Constants   Used   in    Determining 
jIL.  £.  P. 
for  Cast-Iron  Pillars 
"    Line  Shafting    . 
*'    Wrought-lron  Pillars 
**    Wooden  Pillars 
*•  "   Transverse  Strength 

of  Beams 

Tensile  Strength  of  Materials 

Crushing  Strength  of  Materials 

Shearing  Strength  of  Materials 

Composition  of  Fuels 

Spacing  of  Line-Shaft  Bearings 

Table  for  Finding  Fifth  Root 
Numbers         .... 

Weight  and  Breaking  Strength  o 
Iron  and  Steel  Wire  Ropes  . 

Relative  Sizes  of  Spikes  and  Rails 


tt 


t* 


t» 


tt 


o 


33 
34 
35 
36 

37 
37 
38 

38 

39 


39 
40 

41 
4' 

4a 
4« 

43 
43 
44 

44 

45 
45 
45 
46 
46 

47 


64-79 


8a-86 
87-94 

lOI 


PAGE 
Cost  of  Diamond  Drilling  .  .  50-58 
Dimensions  and  Weights  of  Boring 

Tools 53 

Requirements  of   Machine    Rock- 

Drill S3 

Blowpipe  Flame,  Coloration  of  54,  55 
Borax  Bead,  Color  Imparted  to  56-59 
Salt  of   Phosphorus   Bead,  Color 

Imparted  to 60-63 

Characteristic  Reactions  of  Metal 

lie  Oxides        .... 
Characteristic  Reactions  of  Con 

stituent     Minerals    of    Metallic 

Ores 
Characteristic  Reactions  of  Miner 

als  in  Blowpipe  Outfit  . 
Characteristics  of  Precious  Stones 
Historical  Geological  Chart    . 
Gangue  Materials     . 
Fluxes 

Proof  Assay  Charges 
Crucible  Charges 
Scorifier  Charges 
Power  of  Reducing  Agents 
Preparation  of  Reagents 
Weights  and  Measures    . 
Geological  Chart 
Flow  of  Water  . 
Properties  of  Copper  Wire 
Current   Required    for    Incandes- 
cent Lamps 1x8 

Carrying  Capacity  of  Fuses  . 
Carrying  Capacity  of  Cables  . 
Special  Methods  of  Shaft  Sinking  . 
Approximate  Maximum  Pressures 

of  Explosives  .... 

Relative  Values  of  Explosives 


xoa 


xoa. 


104, 


103 
103 
105 
106 
107 
107-1 I I 
III,  11a 

XI3<I 

II3-I16 

117 


118 
118 

iig 

IIQ 


( 


48 
49 


RULES  AND  FORMULAS,    iage 

Rules  Uskd  in  Trigonometry. 

The  Trivfonometric  Functions     .       120 
Rules  for   Using  Trigonometric 
Tables lao 


VI 


INDEX. 


Rules  Used  in  Mensuration. 

The  Triangle 

Quadrilateral 

Circle       .... 


(i 


I'AGE 

131 
121 

lai 

^'    Ellipse 122 

Area  of  any  Plane  Figure    .  122 

The  Prism  and  Cylinder  123 

*'    Pyramid  and  Cone         .        .  123 
•*    Frustum  of   a   Pyramid  or 

Cone     .....  123 

Sphere 124 

Cylindrical  Ring   .                .  i«4 


»» 


ii 


Formulas  Used  in  Gases  Met 
With  in  Mines. 

Specific  Gravity     .... 

Pressure,  Volume,  Density,  and 
Weight  of  Air  When  the  Tem- 
perature Is  Constant 

Pressure  and  Volume  of  a  Gas 
with  Variable  Temperature 

Mixture  of  Two  Gases  Having 
Unequal  Volumes  and  Pres- 
sures      

Calculation  of  the  Weight  of  a 
Gas 

Weight  of  a  Dynamite  Cartridge 

Rules  and   Formulas  Used  in 
Mine  Ventilation. 

Gravitation 

Formulas  for  Gravity  Problems 

'*    Falling  Bodies 
Theoretical  Velocity  of  Air 
The  Motive  Column 

"    Laws  of  Friction   . 
Formulas  for  Ventilation     . 
Laws  of  Ventilation 
Area  of  Regulator  Opening 
Weight  of  Air 
Effect  of  Temperature  on  Vol 

ume  of  Air  .... 
Ventilating  Pressure     . 
Grate  Area  of  Ventilating  Fur 

nace 

Relation  between  Weight  of  Air 

and  Ventilating  Pressure 
Flow  of  Air  .... 
Area  of  Air  Passages  of  Fan 
Manomctric  Efficiency  of  Fan 
Centrifugal  Force  of  Body  Mov- 
ing in  Circle 
**  '*      Developed  by 

Fan 
Fan  Dimensions     .... 
Thermometers       .... 


124 

125 

126 
127 

127 


127 
1 28 

128 

129 

129 
130 
130 

135 

138 

138 
138 

»38 

138 
139 
139 
>39 

139 

140 
140 
140 


PAGE 

Formulas   Used  in  Mine  Sur- 
veying AND  Mapping. 

Distance  Between  Chambers  or 
Rooms    Measured    along    the 

Entry 140 

Latitudes  and  Departures   .  141 

Curves 141 

Economic  Geology  of  Coal. 
Increase  of  Temperature  below 
Earth's  Surface  .        .  •      141 

Prospecting  for  Coal  and  Lo- 
cation OF  Openings. 

Angle  of  Corrected   Dip  for  an 

Oblique  Section  .        .         .        .141 
Oblique  Section  Table  .        .        .142 

SHAi-ns,  Slopes,  and  Drifts. 

Length  of  the  Winding  Compart- 
ment of  a  Rectangular  Shaft    .      143 

Thickness  of  Casl-Iron  Tubbing 
for  Circular  Shafts  .        •143 

Number  of  Bricks  Required  to 
Line  a  Circular  Shaft         .        .      144 

Methods    of    Working    Coai^ 
Mines. 

Radius  of  Shaft  Pillar  . 
Thickness     of     Cylindrical 
Spherical  Dams  . 

Formulas  Used  in  Mechanics. 

Motion  and  Velocity 

Center  of  (Jravity 

The  Lev«*r       .... 

Relation     Between     Speed    and 

Diameter  of  Pulleys 
Wheel  Work  .... 
Diameter,  Pitch,  and    Speed  of 

Gears 

Law  of  Combination  of  Pulleys 
Horsepower  of  Gears    . 
The  Inclined  Plane 

*'    Screw       .... 
Laws  t)f  Friction    . 
Centrifugal  Force  . 
Work  and  Energy 

Belts 

Tensile  Strength  of  Materials 
Strength  of  Chains 

••  **    Hemp     and     Wire 

Ropes    . 
Crushing  Strength  of  Materials 
Transverse  Strength  of  Materials 
Shearing  Strength  of  Materials 
Line  Shafting  .... 


or 


Tomp«raiurc  of  HUlnre*    . 
Prcaaurc   a*nJ    Tempomtnrr 

Steam  ..... 
Total  KcBi  of  VaporiiBlion 

Chlraneyn       .... 


RULES  Used  is  PeRcirstivE 

KOTAHr   BORINO. 

Ttoiperlng  Drills  . 


CoefficlenU  of  Uiilcri^nt  Mt 
Currant  Strength  and    Hlec 


BranchcB  of  Divided  Cnnduc 
E1«CIrk-Bl  Quantity       . 


VIU 


INDEX. 


PAGE 

Formulas    Used    in    Electric 
Pumping,     Signaung,     and 

hlOHTlUO—C0HiiHU£d. 

Diameter  and  Cross-section  of 
Wires 175 

Area  of  Wires  to  Carry  a  Given 
Current 175 

Rules  and  Formulas  Used  in 
Assaying. 


Calculating  Weight  of  Gold  and 
Silver  from  Assay  Buttons 


176 


page 
Formulas  Used  in  Placer  and 
Hydraulic  Mining. 

Discharge  of  Weirs  •      177 

Velocity  of  Approach  . .      .       177,  178 

Rules  Used  in  Metal  Mining. 
Firing  a  Blast  by  Electricity       .      178 

Rules  Used  in  Ore   Dressing 
AND  Milling. 

Law  of  Equal  Falling  Particles  .      179 


ARITHMETIC. 


(PA  RT   1.) 
p   (1)     See  Art.  1. 
I  (2)     See  Art.  3. 
I  (3)     See  Arts.  5  and  6. 
I  (4)     See  Arts.  lO  and  1 1. 

080  =  Nine  hundred  eighty. 
-  Six  hundred  five. 
1 28,384  =  Twenty-eight  thousand, two  hundred  eighty-four. 
I  9,OilO,Ui2  =  Nine  million,  six  thousand  and  forty-two. 
1 850, .'(17, 002—  Eight  hundred  fifty  million,  three  hundred 
Kventcen  thousand  and  two. 
I  700,004  =  Seven  hundred  thousand  and  four, 
I  (6)     Seven  thousand  six  hundred  —  7. COO. 
I  Eighty-one  thousand  four  hundred  two  =  81,402. 
I  Five  miliion.  four  thousand  and  seven  =  .'i,iMt4.0O7. 
f  One  hundred  and  eight  million,  ten  thousand   and  one  ^= 
8,010,001. 

Eighteen  million  and  six  =  lH,(mii,OI'Hi. 
'hirty  thousand  and  ten  =  ;iO,010. 
7)     In  adding  whole  numbers,  place  the 
Ided   directly  under  each  other  so   that 
ihe  extreme  right-hand  figures  will  stand 
in    the    same    column,    regardless    of    the 
position  of  those  at  the  left.     Add  the  first 
column  of  figures  at   the   extreme   right, 
""Which   equals    10    units,    or    1    ten    and   0 
We    place  0  units  under  the  units 
iduinn,  and  reserve  1   ten  for  the  column 
g  1 


mbers  to  be 


:i  -J  0  0 
riU4 

8  0  fi  4  0  ^. 


8  7  !  :t  6  II 


2  ARITHMETIC.  §  1 

of  tens.  1  +  8  +  7  +  9  =  25  tens,  or  2  hundreds  and  5 
tens.  .Place  5  tens  under  the  tens  column,  and  reserve 
2  hundreds  for  the  hundreds  column.  2  +  4+5  +  2  =  13 
hundreds,  or  1  thousand  and  3  hundreds.  Place  3  hundreds 
under  the  hundreds  column,  and  reserve  the  1  thousand 
for  the  thousands  column.  1  +  2  +  5  +  3  =  11  thousands, 
or  1  ten-thousand  and  1  thousand.  Place  the  1  thousand  in 
the  column  of  thousands,  and  reserve  the  1  ten-thousand 
for  the  column  of  ten-thousands.  1  +  6  =  7  ten-thousands. 
Place  this  seven  ten-thousands  in  the  ten-thousands  column. 
There  is  but  one  figure  8  in  the  hundreds  of  thousands  place 
in  the  numbers  to  be  added,  so  it  is  placed  in  the  hundreds 
of  thousands  column  of  the  sum. 

A  simpler  (though  less  scientific)  explanation  of  the  same 
problem  is  the  following :  7+1  +  4+3  +  4+0  =  19;  write 
the  nine  and  reserve  the  1.  1  +  8+7+0  +  0+9=25; 
write  the  5  and  reserve  the  2.  2  +  0  +  4  +  5  +  2=13; 
write  the  3  and  reserve  the  1.  1  +  2  +  5  +  3=11;  write 
the  1  and  reserve  1.  1  +  6  =  7;  write  the  7.  Bring  down 
the  8  to  its  place  in  the  sum. 

(8)  709 

8304725 

391 

100302 

300 

909 


840733  6  Ans. 

(9)  (a)  In  subtracting  whole  numbers,  place  the  sub- 
trahend or  smaller  number  under  the  minuend  or  larger 
number,  so  that  the  right-hand  figures  stand  directly  under 
each  other.  Begin  at  the  right  to  subtract.  We  can  not 
subtract  8  units  from  2  units,  so  we  take  1  ten  from  the 
6  tens  and  add  it  to  the  2  units.  As  1  ten  =10  tinits^  we 
have  10  units +  2  units  =  12  units.  Then,  8  units  from 
12  units  leaves  4  units.     We  took  1  ten  from  6  tens,  so 


ARITHMETIC.  3 

lonly  5   tens   remain.     3   tens   from   5   tens   rqoco 
Eleavcs  2  tens.      In  the  hundreds  column  we      -I'tqa 

li'have   'A   hundreds   from  9  hundreds  leaves  

^a   hundreds.     We  can  not  subtract  3  thou-  '^''^'^^    Ans. 

lands  from  0  thousands,  so  we  take  1  ten-thousand  from 

I  ten-thousands  and   add    it  to   the   <>  thousands.     1   /i-ti- 

U/tmisatid  =  10  l/wusands,  and   IC  thousands -|- 0  thousands 

P=  10  thousands.      Subtracting,   we  have  .T  thousands  from 

■111  thousands  leaves  7  thousands.      We  took  1  ten-thousand 

^rom  5  ten-thousands  and  have  4  ten-thousands  remaining. 

there  are   no  ten-thousands  in   the  suhtrahend,  the 

f4  in  the  ten-lhoiisands  column  in  the  minuend  is  brought 

^own  into  the  same  column  in  the  remainder,  because  U  from 

t  leaves  4. 

{h)  15339 
,  10001 

5  3  38     Ans. 


(lO)     («)  70908 
3  2  ft  7  S 


{/') 


3  7  0  !l  3     Ans. 


0  00  0  0 
(}  8  7  .1  5 

1  2  li  5     Ans. 


(H)     We  have  given  the  minuend  or  greater   number 
1(1,004)  and  the  difference  or  remainder  (4i>).     Placing  these 
1004 
■■  usual  form  of  subtraction  we  have     — —  in  which 
'     49 

bthc  dash  ( )  represents  the  number  sought.     This  number 

evidently /cjj   than    1,004   liy  the   difference   4S,  hence, 
^.fflU  —  4ft  =  95.'),  the  smaller  number.      For  the  sum  of  the 
10  0  4  larger 
nmbers  we  then  have     9  5  5  smaller 

lftS9  sum.     Ans. 

Or,  this  problem  may  be  solved  as  follows:  If  the  greater 

t  two  numbers  is  ],0o4,  and  the  difference  between  them  is 

,  then    it  is  evident  that  the   smaller  number  must  be 

iqual  to  the  difference  between  the  greater  number  (1.004) 
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and  the  difiference  (40);  or,  1,004  —  49  =  955,  the  smaller 
number.  Since  the  greater  number  equals  1,004  and  the 
smaller  number  equals  955,  their  sum  equals  1,004  +  955 
=  1,959  sum.     Ans. 

(12)     The  numbers  connected  by  the  plus  (+)  sign  must 
first  be  added.     Performing  these  operations  we  have 

5  9  0  2  3  8  7  4 

8471  20  3  9 

9023  5  913  sum. 


234  5  0  sum. 

Subtracting  the  smaller  number  (5,913)  from  the  greater 

(23,450)  we  have 

2  3  4  5  0 

5913 


17  5  4  3  difference,     Ans. 

(13)  $44075  =  amount  willed  to  his  son. 

2  0  3  8  0  =  amount  willed  to  his  daughter. 

<i  7  1 0  5  5  =  amount  willed  to  his  two  children. 

♦  12  5  0  0  0  =  amount    willed    to    his   wife    and   two 

children. 
710  5  5  =  amount  willed  to  his  two  children. 

$53945  =  amount  willed  to  his  wife.     Ans. 

(14)  In  the  multiplication  of  whole  numbers,  place  the 
multiplier  under  the  multiplicand,  and  multiply  each  term 
of  the  multiplicand  by  each  term  of  ihc  multiplier,  writing 
the  right-hand  figure  of  each  product  obtained  under  the 
term  of  the  multiplier  which  produces  it. 

{ii)  7x7  units  =  49  units,  or  4  tens  and  9 

5  2  0  3  8  7  units.     We  write  the  9  units  and  reserve 

7  the  4  tens.     7  times  8  tens  =  50  tens; 

3  0  8  4  7  0  9     Ans.        ^^  tens  +  4  tens  reserved  =  GO  tens  or 

0  hundreds  and  0  tens.  Write  the  0 
tens  and  reserve  the  0  hundreds.  7X3  hundreds  =  21  hun- 
dreds; 21  +  0  hundreds  reserved  =  27  hundreds,  or  2  thou- 
sands and  7  hundreds.     Write  the  7  hundreds  and  reserve 
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3   thousands.       T  x  ij    thousands  —  42    thousands;    42 

1 2  thousands  reserved  =  44  thousands  or  4  ten-thousands 

bd  4  thousands.     Write  the  4  thousands  and   reserve  the 

(  ten-thousands,     7x2  ten-thousands  =  14  ten-thousands; 

fii  -\-  i     ten-thousands     reserved  =  18    ten-thousands,    or 

I  hundred-thousjind  and  8  ten-thousands.     Write  the  8  ten- 

^Oiisands  and  reserve  the  1  hundred-thousand,     7x5  hun- 

red-thousands  =  35   hundred-thousands;   ;15  +  I    hundred- 

Bousaad    reserved  =  3fi    hundred-thousands.     Since   there 

irc  no  more  figures  in  the  multiplicand  to  he  multiplied, 

we  write  the  ;i(i  hundred-thousands  in  the  product.     This 

completes  the  multiplication. 

A  simpler  (though  less  scientific)  explanation  of  the  same 
poblem  is  the  following: 

f?  times  7=40;  write  the  Sand  reserve  the  4.  7  times 
;  S'l  -f  4  reserved  =  no ;  write  the  0  and  reserve  the  (1. 
Ptimes  3  =  21;  21  -f  0  reserved  =  27;  write  the  7  and  re- 
■ve  the  3.  7  X  fi  =  42;  42  -f  2  reserved  =  44;  write  the 
land  reserve  4.  7x2=14;  14 -f  4  reserved  =  1H;  write 
e  8  and  reserve  the  1.  7  X  5  =  35;  35  -f  1  reserved  =  3(i; 
rite  the  30. 
I  In  this  case  the  midtiplier  is  17 
[KiVf,  or  1  r^n  and  7  um'/s,  so  that     {^) 

B  product  is  obtained  by  adding 
■TO  partial  products,  namely,  7  X 
».2»8  and  10  X  7(10,ai)H,  The 
ttual  operation  is  performeil  as  ll'jn50<n;     Ans. 


7. 

1 0  2  i)  8 
17 

4  !)  u  a  0  8 1> 
70  0  2  9  8 

1  1 '.)  1 

i50«n; 

1?  times  8  =  50 ;  write  the  0  and  reserve  the  6.      7  times  ll  = 
■;  63  4-5  reserved  =  GS;  write   the  8  and  reserve  the  (!. 

s  2=14;  U-l-0  reserved  =  20;  write  the  0  and  re- 
ifvethea.  7times0  =  0;  0+ 2reserved  =  2;  wrilelhe2. 
[tunes  0  =  0 ;  0  +  0  reserved  —  0 ;  write  the  (i.      7  times  7  = 

;  48  +  0  reserved  =  40 ;  write  the  4!l. 
■  To  multiply  by  ihc  1  ten  we  say  I  times  700208  =  700298. 

rite  700208  under  the  first  partial  product,  as  shown, 
rith  the  right-hand  figure  S  under  the  multiplier  1.     Aild  the 
>  partial  products;  their  sum  equals  the  entire  prtMluct 
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{c)  217  Multiply  any  two  of  the  numbers  together 
103  and  multiply  their  product  by  the  third 
6  51     number. 

2170 
22351 

67 


156457 
134106 
1497517  Ans. 

(15)  If  your  watch  ticks  every  second,  then  to  find  how 
many  times  it  ticks  in  one  week  it  is  necessary  to  find  the 
number  of  seconds  in  1  week. 

6  0  seconds  =  1  minute. 
6  0  minutes  =  1  hour. 
3  6  0  0  seconds  =  1  hour. 
2  4  hours  =  1  day. 


14400 
7200 


8  6  4  0  0  seconds  =  1  day. 
7  days  =  1  week. 


6  0  4  8  0  0  seconds  in  1  week  or  the  number  of  times  that 
Ans.  your  watch  ticks  in  1  week. 

(16)     If  a  monthly  publication  contains  24  pages,  a  yearly 

2  4         volume  will  contain  12x24  or  28S  pages,  since 

12         there  are   12  months  in  one  year;  and  eight 

2gg         yearly  volumes  will  contain  8X288,  or  2,304 

8         pages. 


2  3  0  4     Ans. 

(17)     If  an  engine  and  boiler  are  worth  $3,246,  and  the 

building  is  worth  3  times  as  much,  plus  $1,200,  then  the 

building  is  worth 

$3246 

3 

97  38 
plus      12  0  0 

$  1  0  \)  3  8  —  vahic  of  building. 
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If  the  tools  are  worth  twice  as  much  as  the  building,  plus 
tl,875y  then  the  tools  are  worth 

$10938 
2 


21876 
plus        18  7  5 


♦  2  3  7  5  1  =  value  of  tools. 
Value  of  building  =  $10938 
Value  of  tools        =     2  3  7  51 


$34089  =  value  of   the  building 

and  tools,     {a)  Ans. 
Value  of  engine  and 

boiler  =  $    3  24  6 
Value  of  building 

and  tools  =    3  4  6  8  9 


$  3  7  9  3  5  =  value    of     the    whole 

plant,     {h)  Ans. 

(18)     (a)  (72  X  48  X  28  X  5)  H-  (90  X  15  X  7  X  0). 
Placing  the  numerator  over  the  denominator  the  problem 
becomes 

72  X  48  X  28  X  5  ^  ^ 
96  X  15  X  7  X  6 

The  5  in  the  dividend  and  15  in  the  divisor  are  both  divis- 
ible by  5,  since  5  divided  by  5  equals  1,  and  15  divided  by 
5  equals  3.  Cross  off  the  5  and  write  the  1  over  it ;  also  eross 
off  the  15  and  write  the  3  under  it.     Thus, 

1 

72  X  48  X  28  X  y5  ^ 

96  X  ;^  X  7  X  6 
3 

The  5  and  15  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  1  and  3  placed  in  their 
stead,  and  treated  as  if  the  5  and  15  never  existed.     Thus, 

72  X  48  X  28  X  1  ^ 
96  X  3  X  7  X  0 


8  ARITHMETIC.  §  1 

72  in  the  dividend  and  00  in  the  divisor  are  divisible  by  12, 
since  72  divided  by  12  equals  6,  and  9G  divided  by  12  equals 
8.  Cross  off  the  72  and  write  the  0  over  it ;  also,  cross  off 
the  96  and  write  the  8  under  it.     Thus, 

6 

yjZ  X  48  X  28  X  1  _ 

^0x3x7x6    ~ 

8 

The  72  and  96  are  not  to  be  considered  any  longer,  and, 
in  fact,  may  be  erased  entirely  and  the  6  and  8  placed  in 
their  stead,  and  treated  as  if  the  72  and  96  never  existed. 
Thus, 

6  X  48  X  28  X  1  ^ 
8X3X7X6    - 

Again,  28  in  the  dividend  and  7  in  the  divisor  are  divisible 
by  7,  since  28  divided  by  7  equals  4,  and  7  divided  by  7 
equals  1.  Cross  off  the,  28  and  write  the  4  07Jer  it;  also,  cross 
off  the  7  and  write  the  1  under  it.     Thus, 

4 

62l48_Xj?Mi_ 
8x3x7x6  "" 
1 

The  28  and  7  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  4  and  1  placed  in  their 
stead,  and  treated  as  if  the  28  and  7  never  existed.     Thus, 

6  X  48  X  4  X  1   ^ 
8X3X1X6    ~ 

Again,  48  in  the  dividend  and  6  in  the  divisor  are  divisible 
by  6,  since  48  divided  by  6  equals  8,  and  6  divided  by  6  equals 
1.  Cross  off  Xhe  48  and  write  the  8  over  it;  also,  cross  off 
the  6  and  write  the  1  under  it.     Thus, 

8 
6X;4^x4x  1^ 

8x3x1 X^ 

1 

The  48  and  6  are  not  to  be  considered  any  longer,  and,  in 

fact,  may  be  erased  entirely  and  the  8  and  1  placed  in  their 

stead,  and  treated  as  if  the  48  and  6  never  existed.     Thus, 
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6X8X4X1_ 
8X3X1X1"" 

Again,  6  in  the  dividend  and  3  in  the  divisor  are  divisible 
by  3,  since  6  divided  by  3  equals  2,  and  3  divided  by  3  equals 
1.  Cross  o^the  6  and  write  the  2  over  it;  also,  cross  off  the 
3  and  write  the  1  under  it.     Thus, 

2 

flx8x4xl_ 

8xM  1x1 

1 

The  6  and  3  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  2  and  I  placed  in  their 
stead,  and  treated  as  if  the  C  and  3  neifer  existed.     Thus, 

2X8X4X1_ 
8x  1  X  1  X  1"" 

Canceling  the  8  in  the  dividend  and  the  8  in  the  divisor, 
the  result  is 

1 
2x^x4xl_ 2x1x4x1 

jJxlxlxl     1x1x1x1* 

1 

Since  there  are  no  two  remaining  numbers  (one  in  the 
dividend  and  one  in  the  divisor)  divisible  by  any  number  ex- 
cept 1,  without  a  remainder,  it  is  impossible  to  cancel  further. 

Multiply  all  the  uncaneeled  numbers  in  the  dividend 
together,  and  divide  their  produet  by  the  product  of  all 
the  uneanceled  numbers  in  the  divisor.  The  result  will  be  the 
quotient.  The  product  of  all  the  uncanceled  numbers  in 
the  dividend  equals  2x1x4x1  =  8;  the  product  of  all  the 
uncanceled  numbers  in  the  divisor  equals  1x1X1x1=1. 

„  2X1X4X18       ^       . 

Hence, :; :; =  -  =  8.     Ans. 

•  IXlXlXl       1 

2 

6       ?       4      1 
^X^X2^X^^8      ,      ^^^ 

^^11 
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{d)  (80  X  CO  X  50  X  10  X  14)  -^  (70  X  50  X  24  X  20). 

Placing  the  numerator  over  the  denominator,  the  problem 

becomes 

80  X  CO  X  50  X  16  X  14  _ 

70  X  50  X  24  X  20       "" 

The  50  in  the  divicUnd  and  70  in  the  divisor  are  both  divis- 
ible  by  10,  since  50  divided  by  10  equals  5,  and  70  divided 
by  10  equals  7.  Cross  off  Wit.  50  and  write  the  5  over  it; 
also,  cross  off  the  70  and  write  the  7  under  it.     Thus, 

5 
80  X  60  X  ^P  X  16  X  14  _ 

;p  X  50  X  24  X  20       "" 

7 

The  50  and  70  are  not  to  be  considered  any  longer,  and, 

in  fact,  may  be  erased  entirely  and  the  5  and  7  placed   in 

their  stead,  and  treated  as  if  the  50  and  70  never  existed. 

Thus, 

80  X  CO  X  5  X  16  X  14  _ 

7  X  50  X  24  X  20       "" 

Also,  80  in  the  dividend  and  20  in  the  divisor  arc  divisible 
by  20,  since  80  divided  by  20  equals  4,  and  20  divided  by  20 
equals  1.  Cross  off  the  80  and  write  the  4  over  it;  also, 
cross  off  the  20  and  write  the  1  under  it.     Thus, 

4 

^P  X  60  X  5  X  16  X  14  ^ 

7  X  50  X  24  X  ;ip 

1 

The  80  and  20  are  not  to  be  considered  any  longer,  and, 

in  fact,  may  be  erased  entirely  and  the  4  and   1   placed  in 

their  stead,  and  treated  as  if  the  80  and  20  never  existed. 

Thus, 

4  X  CO  X  5  X  16  X  14  _ 

7  X  50  X  24  X  1       "" 

Again,  16  in  the  dividend  and  24  in  the  divisor  arc  divisible 
by  8,  since  16  divided  by  8  equals  2,  and  24  divided  by  8 
equals  3.  Cross  offxkio.  16  and  write  the  2  over  it;  also  cross 
off  the  24  and  write  the  3  under  it.     Thus, 
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2 
4  X  60  X  5  X  ;^  X  14  ^ 

7  X  50  X  ^  X  1 
3 

The  16  and  24  are  not  to  be  considered  any  longer,  and, 
in  fact,  may  be  erased  entirely  and  the  2  and  3  placed  in 
their  stead,  and  treated  as  if  the  16  and  24  never  existed. 
Thus, 

4X6QX5X2X14_ 
7X50X3X1       " 

Again,  60  in  the  dividend  and  50  in  the  divisor  are  divis- 
ible by  10,  since  60  divided  by  10  equals  6,  and  50  divided  by 
10  equals  5.  Cross  offth^  60  and  write  the  6  over  it;  also, 
cross  off  the  50  and  write  the  5  under  it.     Thus, 

6 
4x00x5x2x14^ 

7  X  ^(J  X  3  X  1 
5 

The  60  and  50  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  6  and  5  placed  in  their 
stead,  and  treated  as  if  the  60  and  50  never  existed.     Thus, 

4X6X5X2X14_ 
7X5X3X1      " 

The  14  in  the  dividend  and  7  in  the  divisor  are  divisible  by 
7,  since  14  divided  by  7  equals  2,  and  7  divided  by  7  equals  1. 
Cross  offth^  14 and  write  the  2  over  it;  also,  cross  off  the  7 
and  write  the  1  under  it.     Thus, 

2 

4x6x5x2x;^^ 

7x5x3x1 
1 

The  14  and  7  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  2  and  1  placed  in  their 
stead,  and  treated  as  if  the  14  and  7  never  existed.     Thus, 


4X6X5X2X2 
1X5X3X1 


^'^  F.    Vlll.—i 
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The  5  in  the  dividend  and  5  in  the  divisor  are  divis- 
ible by  5,  since  5  divided  by  5  equals  1.  Cross  off  the  5 
of  \\i^  dividend ViVi^  write  the  1  over  it;  also,  cross  off  the  5 
of  the  divisor  and  write  the  1  under  it.     Thus, 

1 
4x6x^x2x2_ 

1x^x3x1    "" 

1 

The  5  in  the  dividend  and  5  in  the  divisor  are  not  to  be 
considered  any  longer,  and,  in  fact,  may  be  erased  entirely 
and  1  and  1  placed  in  their  stead,  and  treated  as  if  the  5  and 
5  never  existed.     Thus, 

4X  G  X  1  X  2X  2__      . 
1X1X3X1     " 

The  6  in  the  dividend  and  3  in  the  divisor  are  divisible  by 
3,  since  6  divided  by  3  equals  2,  and  3  divided  by  3  equals  1. 
Cross  off  the  6  and  place  2  over  it ;  also,  cross  off  the  3  and 
place  1  under  it.     Thus, 

2 
4x0Xlx2x2_ 

1X1X^X1  "" 
1 

The  6  and  3  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  2  and  1  placed  in  their 
stead,  and  treated  as  if  the  G  and  3  never  existed.     Thus, 

4x2xlx2x2__32_Q^       . 

Ixlxlxl    "T-^^-    ^'''• 

2       1 
4       0^22 
^Px0Px^0x;0x;^_4x2xlx2x2_32_ 

'  ;px5f)x^^^x^p  ""  1x1x1x1  ""1"; 

;    >     ^     1  ^"^^ 

111 

(19)     28   acres   of    land   at   $133   an   acre    would    cost 
28  X*l  33  =  $3,724 
28 
1064 
2G6 
•  3724 
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If  a  mechanic  earns  $1,500  a  year  and  his  expenses  are 
$968  per  year,  then  he  would  save  $1500— $908,  or  $532 
per  year.  9  6  8 

$532 

If  he  saves  $532  in  1  year,  to  save  $3,724  it  would  take  as 
many  years  as  $532  is  contained  times  in  $3,724,  or  7  years. 

53  2)3724(7  years.     Ans. 
3724 


(20)  If  the  freight  train  ran  365  miles  in  one  week,  and 
3  times  as  far  lacking  246  miles  the  next  week,  then  it  ran 
(3  X  365  miles)  —  246  miles,  or  849  miles  the  second  week. 
Thus,  3  6  5 

3 


1095 
246 


difference        8  4  9  miles.     Ans. 

(21)  The  distance  from  Philadelphia  to  Pittsburg  is  354 
miles.  Since  there  are  5,280  feet  in  one  mile,  in  354  miles 
there  are  354  X  5,280  feet,  or  1,869,120  feet.  If  the  driving 
wheel  of  the  locomotive  is  16  feet  in  circumference,  then  in 
going  from  Philadelphia  to  Pittsburg,  a  distance  of  1,869,- 
120  feet,  it  will  make  1,869,120  -f-  16,  or  116,820  revolutions. 

16)1869120(116820  rev,  Ans. 
16 

16 

ro9 

96 

131 
128 

32 
32 
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(22)     (a)  676)589824(1024    Ans. 

576 

1382 

1152 


2304 
2304 


(6)  43911)369730620(8420    Ana 

351288 

184426 
175644 


87822 
87822 


0 

(^r)        505)2527525(5005  Ans. 

2525 


2525 
2525 

(d)       1234)4961794302(4020903  Ans, 

4936 


2579 

2468 


11143 
11106 


3702 
3702 

(23)  The  harness  evidently  cost  the  difference  between 
1444  and  the  amount  which  he  paid  for  the  horse  and  wagon. 

Since  $264+  1153  =  $417,  the  amount  paid  for  the  horse 
and  wagon,  $444  —  $417  =  $27,  the  cost  of  the  harness. 

$264  $444 

153  417 


$417  $27     Ans. 


J 
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(24)  (a) 


(*) 


1024 
576 

6144 
7168 
5120 

589824  Ans. 

5005 
505 


25025 
250250 

2527525  Ans. 


W 


43911 
8420 

878220 
175644 
351288 

369730620  Ans. 

(25)  Since  there  are  12  months  in  a  year,  the  number  of 
days  the  man  works  is  25  X  12  =  300  days.  As  he  works  10 
hours  each  day,  the  number  of  hours  that  he  works  in  one 
year  is  300  x  10  =  3,000  hours.  Hence,  he  receives  for  his 
work  3,000  X  30  =  90,000  cents,  or  90,000  -5- 100  =  $900.  Ans. 


(26 
(27 
(28 
(29 
(30 

(31 


See  Art.  ?!• 
See  Art.  77. 
See  Art.  73. 
See  Art.  73. 
See  Art.  75. 


13  . 

8 


is  an  improper  fraction,  since  its  numerator  13 


is  greater  than  its  denominator  8. 

* 

(32) 


,1     ia1    qk* 
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(33)  To  reduce  a  fraction  to  its  lowest  terms  means  to 
change  its  form  without  changing  its  value.  In  order  to  do 
this,  we  must  divide  both  numerator  and  denominator  by 
the  same  number  until  we  can  no  longer  find  any  num- 
ber (except  1)  which  will  divide  both  of  these  terms  without 

a  remainder. 

4 
To  reduce  the  fraction  —   to  its  lowest  terms  we  divide 

o 

both   numerator  and    denominator   by  4,  and  obtain  as  a 

1  4—41  4-=-4 

result  the  fraction  -.   Thus,  -   '       =  - ;  similarly,  r::  '      = 

L.  A"^^=?."^^=L.  32-T-8  _i-^4^1 

4'  32 -^4     8-^2      4'64-^8~8-^4~2•  " 

(34)  When,  the  denominator  of  any  number  is  not 
expressed,  it  is  understood  to  be  1,  so  that  --  is  the  same  as 

6  -r- 1,  or  6.     To  reduce  -  to   an   improper   fraction  whose 

denominator  is  4,  we  must  multiply  both  numerator  and 
denominator  by  some  number  which  will  make  the  denomi- 
nator of  6  equal  to  4.     Since  this  denominator  is  1,  by  mul- 

6  6  X  4      24 

tiplying  both  terms  of  —  by  4  we  shall  have  —      ^  =  -— , 

which  has  the  same  value  as  6,  but  has  a  different  form,     Ans. 

*(35)  In  order  to  reduce  a  mixed  number  to  an  improper 
fraction,  we  must  multiply  the  whole  number  by  the  denom- 
inator  of  the  fraction  and  add  the  numerator  of  the  fraction 
to  that  product.  This  result  is  the  numerator  of  the  improper 
fraction^  of  which  the  denominator  is  the  denominator  of  the 
fractional  part  of  the  mixed  n  timber. 

7q  means  the  same  as  7  +  — .     In  1  there  are  -,  hence  in 

o  o  o 

7  there  are  7  X  ^  =  -^ ;   -r-  plus  the  -  of  the  mixed  number 

o         o        8  8 

=  —  -]--  =  --,  which  is  the  required  improper  fraction. 
8        8         8 

5  _(13X  10)  +  5  _213     ,„3  _(10x  4)  +  3_43 

16  ~  16  ~  16  '       4  ~  4  ~  4  • 
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(36)  The  value  of  a  fraction  is  obtained  by  dividing  the 

numerator  by  the  denominator. 

13 
To  obtain  the  value  of  the  fraction  ~  we  divide  the  num- 

erator  13  by  the  denominator  2.     2  is  contained  in  13  six 
times,  with  1  remaining.     This  1  remaining  is  written  over 

the  denominator  2,  thereby  making  the  fraction  —,  which  is 

annexed  to  the  whole  number  G,  and  we  obtain  6-  as  the 

<i 

mixed  number.     The  reason  for  performing  this  operation  is 

2  13 

the  following:  In  1  there  are  —  (two  halves),  and  in  —  (thir- 

2  2 

teen  halves)  there  are  as  many  units  (1)  as  2  is  contained 

times  in  13,  which  is  6,  and  —  (one-half)  unit  remaining. 

13  11 

Hence,  —  =  6  +  h"  =  ^>  the  required  mixed  number.    Ans. 

Ittt.     Ans. 
64 

(37)  In  division  of  fractions,  invert  the  divisor  (or,  in 
other  words,  turn  it  upside  down)  and  proceed  as  in  multi- 
plication. 

t  .  ^^       5       35      16       35  X  IG      5G0      ^^„       . 
(^)35.^-  =  -X-^  =  -^-^^  =  — =112.     Ans. 

^^^     16  •  "^  ""  IG  •   1  "  IG  ^  3  "  I(rx¥  ""  48  ""  Tg*    ^'^^* 

l\     VL      o-^''      9__17      1  _17x  1  _17       . 
^""^      2""'^""2""r"~"2^9-  T^TO"  -  18*     ^''^• 

(d\    115-i.-I  =  lHv  —  -  113  X  IG  _  1,808  __  452  __ 
^    ^      64    •  16 ""  64  ^  7  -    64  X  7    ""    448    ""  112 " 

38)113(4^.     Ans. 
112     ^^ 


18  ARITHMETIC.  §  1 

3         3 

(e)     15 J  -f-  4Tr  =  ?     Before  proceeding  with  the  division, 

reduce  both  of  the  mixed  numbers  to  improper  fractions. 

mu       .^3       (15x4)  +  3      60  +  3      63         ,.3      (4x8)  +  3 
Thus,  15j  =  ^ j^^-  =-^  =  -,  and  4-  =  ^ ^ = 

32  -I-  3      35  63      35 

^ — ^^—  =  — .     The  problem  is  now  —  -r-  —  =  ?     As  before, 

8  o  4         o 

^    .      ,.    .  ,        .  .   ,       63     35      63^^  8       63  X  8 

mvert  the  divisor  and  multiply ;  -r-^T7  =  -rX;r==  .  ,,  ,>e  = 

4        o        4       oD      4X«>0 

504  _  252  _  126  _  18 

140""  70  ""  35  ""  5* 

5)18(3^    Ans. 
15      ^ 


(38)  l.+  |  +  |  =  ld4±i  =  |  =  i.     Ans. 

When  the  denominators  of  the  fractions  to  be  added  are 
alike,  we  know  that  the  units  are  divided  into  the  same 
number  of  parts  (in  this  case  eighths) ;  we,  therefore,  add  the 
numerators  of  the  fractions  to  find  the  number  of  parts 

(eighths)  taken  or  considered,  thereby  obtaining  —  or  1  as 

o 

the  sum. 

(39)  When  the  denominators  are  not  alike  we  know  that 
the  units  are  divided  into  unequal  parts,  so  before  adding 
them  we  must  find  a  common  denominator  for  the  denom- 
inators of  all  the  fractions.  Reduce  the  fractions  to  fractions 
having  this  common  denominator,  add  the  numerators  and 
write  the  sum  over  the  common  denominator. 

In  this  case,  the  least  common  denominator,  or  the  least 
number  that  will  contain  all  the  denominators,  is  16 ;  hence, 
we  must  reduce  all  these  fractions  to  sixteenths  and  then  add 
their  numerators. 

13        5  1 

7-  +  -  +  --;=?     To  reduce  the  fraction  -  to  a  fraction 
4       o       It)  4 

having  16  for  a  denominator,  we  must  multiply  both  terms 
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of  the  fraction  by  some  number  which  will  make  the  denom- 

1x4       4 
inator  16.     This  number  evidently  is  4,  hence,  ~       .  =  tt;- 

^         '  '  4  X  4      16 

3 

Similarly,  both  terms  of  the  fraction  —  must  be  multiplied 

3x2       6 
by  2  to  make  the  denominator  16,  and  we  have  —      ^  =— :;. 
^  '  8  X  2      16 

The  fractions  now  have  a  common  denominator  16;  hence, 

we  find  their  sum  by  adding  the  numerators  and  placing  their 

sum  over  the  common  denominator,  thus :  tt:  +  t^  +  rr  = 

4  +  6  +  5_15 

16         -16'     -^^• 


(40)  When  mixed  numbers  and  whole  numbers  are  to  be 
added,  add  the  fractional  parts  of  the  mixed  numbers  sep- 
arately, and  if  the  resulting  fraction  is  an  improper  fraction, 
reduce  it  to  a  whole  or  mixed  number.  Next,  add  all  the 
whole  numbers,  including  the  one  obtained  from  the  addition 
of  the  fractional  parts,  and  annex  to  their  sum  the  fraction 
of  the  mixed  number  obtained  from  reducing  the  improper 
fraction. 

5         7  5 

42  +  31-  +  9—  =  ?     Reducing   --   to  a    fraction   having 

5       2      10 
a  denominator  of  16,  we  have  -  x  ^  =  T?-     Adding  the  two 

o  Ai  1() 

10       7 
fractional  parts  of  the  mixed  numbers  we  have  —  -|-  —  = 

10  + 7  _  17^     1 
16      ""  16  "■    16* 

The  problem  now  becomes  42  +  31  +  9  +  1—  =  ? 

Adding    all    the    whole    numbers    and    the 
number  obtained  from   adding  the  fractional 

^  1 

IX  parts  of  the  mixed  numbers,  we  obtain  83— 


88^^    Ans.    as  their  sum. 
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(41)     29i  +  50| +  41  +  691=?     |=ixl=^6• 

5_5X2_10         l^,li?4.A_-  12+10  +  3  _  ^  _  .  _9 
8  ""  8  X  2  ""  16'        16  "^  16  "^  16  ""  16  ""  16  ""    16' 

9 

The  problem  now  becomes  29  +  50  +  41  +  69  +  1~  =  ? 

Id 

29  square  inches. 
50  square  inches. 
41  square  inches. 
69  square  inches, 
l^if  square  inches. 


190^  square  inches.     Ans. 

/^ox  /  X  '^       ^3       „^16      7X16      112      orvl     A 

(42)  (^)^  =  7^j-^  =  7x-3  =-^  =  -3-  =  37^.  ^"^• 

16 

3 
The  line  between  7  and  — r  means  that  7  is  to  be  divided 

10 

Xylo- 
ls 3 

...  32_15      5_15      8_;^x^_3      . 
^  '  T  ~  32  •    8  ~  32  ^  5  ~  ^-{^J  X  ^  ~  4"  * 

8  4 

4  +  3      7 

^'^'-J^  =  hsh=m     (See  Art.  131.)     Ans. 

7 

(43)  -5  =  value  of  the  fraction,  and  28  =  the  numerator. 

o 

We  find  that  4  multiplied  by  7  =  28,  so  multiplying  8,  the 

denominator  of  the  fraction,  by  4,  we  have  32  for  the  required 

28       7 
denominator,  and  —  =  -.      Hence,  32  is   the   required  de- 

nominator.     Ans. 

7       7 

(44)  {a)  --  —  —  =  ?    When  the  denominators  of  frac- 

o       10 

tions  are  not  alike  it  is  evident  that  the  units  are  divided 
into  unequal  parts^  therefore,  before  subtracting,  reduce  thi 


§  1  ARITHMETIC.  21 

fractions  to  fractions  having  a  common  denominator.  Then, 
subtract  the  numerators^  and  place  the  remainder  over  the 
common  denominator, 

7X2_14      14       7  _  14-7  _  7        . 

8X2"  16'     16       16"      16      "16*     ^"^" 

7 
(b)  13  —  7—  =  ?     This  problem   may  be   solved   in   two 
16 

ways: 

r--    .      -«      ^-^16     .         16        ^         J   -^16        ^_    ,    16 
First :    13  =  12^7;,  smce  r^  =  1,  and  12-;  =  12  -f  —  = 

lb  10  10  10 

12  +  1  =  13. 

12^        We   can   now   subtract   the  whole   numbers   sepa- 

7j^     rately,  and  the  fractions  separately,  and  obtain  12  —  7 

~kJ  r       ^16       7       16-7       9       ^,9       ^9       . 

5A     =5and---  =  -^^  =  -.    5  +  -  =  5-.    Ans. 

Second:  By  reducing  both  numbers  to  improper  fractions 

having  a  denominator  of  16. 

13  _23  X  16  __  208        1_^  (7  X  16)  +  7  ^  112  +  7_ 

1  "  1   Xl6""  16        16"  16  "       16 

119 

16' 

^   ^^        .                ,           208       119       208-119       89         , 
Subtractmg,   we   have  -— —^ —^ =  j^.   and 

89      i..xo/./-r  a      ^^^6  same  result  that  was  obtained  by  the 
-  =  16)89(5^    fi^t  method. 

"9  {c)  312^  -  220^  =  ?     We  first   reduce 

16  the  fractions  of  the  two  mixed  numbers  to 

fractions  having  a  common  denominator.      Doing  this  we 

9        9x2      18 

have  — ;  =  —; rr=:^-      We   can   now  subtract  the  whole 

16      16  X  2      32 

numbers  and  fractions  separately,  and  have  312  —  229  =  83 
d  18       5  _  18  -  5  _  13 
32      32"      32     "32" 

3121} 

229^    83  +  l|  =  83|.     Ans. 

8^ 
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(45)  The  man  evidently  traveled  85  :j|  +  78  :^  +  125  i| 

miles. 

Adding  the  fractions  separately  in  this  case, 

12"^  15"^  35""  12  "^5"^  35""  420  ""420"~     420* 

Adding  the  whole  numbers  and  the  mixed  number     85 
representing  the  sum  of  the  fractions,  the  sum  is     78 

289  -7-—-  miles.     Ans.  ^  , .  ^ 

420  If^ 

To  find  the  least  common  denominator,  we  have        289144 

5)12,  5,  35 

7)12,  1,     7 

12,  1,     1,  or  5X7X12  =  420. 

(46)  573  i  tons.  i  =  |? 

216  -  tons.  -  =  - 


7  7 

difference  357  77,  tons.     Ans.  -7-  =  difference, 

•*^  40  40 

(47)  Reducing  9  j  to  an  improper  fraction,  it  becomes 

37      .,  ,..  ,   .       37,      3    37      3       111       ^  15  ,  „  . 

— .     Multiplymg  -4  ^y  3»  4-  X  g  =  ^2"  ~     32  ^^^^^^^-  ^"^ 

(48)  Referring  to  Arts.  114  and  116, 

—  of  —  of  —-  of  —  of  11  multiplied  by  —  of  --  of  45  = 
o         4        11        ^0  o         o 

3 

^X^x7xl9x;;x7x5x^^  _  7x19x7x5x3      13,965  _ 

^X4x;;x'/Pxlx8x^xl   ~        4x4x8  128 

4  ^ 

1Q 

109  f^.    Ans. 
128 

4  6 

(49)  I  of  16  =  |x^  =  12.     12  -^  I  =  ^x|=18.  Ans. 

1        7       845     15 

(50)  21 1 J  X 1  ^  =  -J-  X  -^,  reducing  the  mixed  numbers 
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r      *•  845  ^  15      12,675 

to  improper  fractions,     —r-  x  -5-  =  — 55 —  cents  =  amount 

paid  for  the  lead.     The  number  of  pounds  sold  is  evidently 

2,535 
12,675      „1      n,m  ^%      2,535      ,,„  7  ,        _,, 

16 

•   •       •   oml       1KQ  7        845      2.535       3,380 

amount  remaining  is  211  r —  158  rr:  =  ~. rrr-  =  -Vn 

4  16         4       •     Id  Id 

2,535       845       ,,„  13  .         . 

-l6-  =  -l6-=^^16P""°^'-     ^°'- 

I 


Sd 


(51)     -08  =  Eight  buttdndtbM. 

III 


.18  1=:  C^/i^  hundred  thirty-one  ihousmadtba* 

m 

■a 

a 

II 
il    I 
s  S  s  s 

.  0001  =  C^/f ^  ten'ttousmadth. 


-i 


^  V  g  o  S  fl 

**  S  9  •  S  s 
S  a  S  0  5  = 
«  ^  ^  «  S  8 

0  0  0  0  2  7=  Twenty-seven  mlllloattM. 

i 
III 

ll|8 

0  10  8  =  One  hundred  eight  tea'tbousmndthM. 
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I 

-!    «0     - 


5^1 
01   g   o 

« §  I  fl 

«j  ,C    •«-•   'M 


a  5  o  a 

«j  ,C    •«-•   'M 

03.0  1  0  1  =  Ninety-three,  and  one  hundred  one  ieU'tbousMHltbM* 


In  reading  decimals,  read  the  number  just  as  you  would  if 
there  were  no  ciphers  before  it.  Then  count  from  the  decimal 
point  towards  the  right,  beginning  with  tenths,  to  as  many 
places  as  there  are  figures,  and  the  nafrte  of  the  last  figure 
must  be  annexed  to  the  previous  reading  of  the  figures  to 
give  the  decimal  reading.  Thus,  in  the  first  example  above, 
the  simple  reading  of  the  figure  is  ct'^/it,  and  the  name  of  its 
position  in  the  decimal  scale  is  bundredtlis,  so  that  the 
decimal  reading  is  n'^/U  tiundredths.  Similarly,  the  fig- 
ures in  the  fourth  example  are  ordinarily  read  twenty-seven  ; 
the  name  of  the  position  of  the  figure  7  in  the  decimal  scale 
is  mllliontlis,  giving,  therefore,  the  decimal  reading  as 
twenty-seven  milliontlis. 

If  there  should  be  a  whole  number  before  the  decimal 
point,  read  it  as  you  would  read  any  whole  number,  and 
read  the  decimal  as  you  would  if  the  whole  number  were 
not  there;  or,  read  the  whole  number  and  then  say,  **and" 
so  many  hundredths,  thousandths,  or  whatever  it  may  be, 
as  **  ninety -three,  and  on^  hundred  one  ten  thousandths. " 

(52)     See  Art.  139. 
(53).  See  Art.  153. 

(54)  See  Art.  160, 

(55)  A  fraction  is  one  or  more  of  the  equal  parts  of  a 
unit,  and  is  expressed  by  a  numerator  and  a  denominator, 
while  a  decimal  traction  is  a  number  of  tenths^  hundredtJis^ 
thousandths^  etc.,  of  a  unit,  and  is  expressed  by  placing  a 
period  (.),  called  a  decimal  point,  to  the  left  of  the  figures 
of  the  number,  and  omitting  the  denominator. 

(56)  See  Art.  166* 
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(57)     To  reduce  the  fraction  h"  ^^  ^  decimal,  we  annex 

one  cipher  to  the  numerator,  which  makes  it  1.0.  Dividing 
1.0,  the  numerator,  by  2,  the  denominator,  gives  a  quotient 
of  .5,  the  decimal  point  being  placed  before  the  one  figure 
of  the  quotient,  or  .5,  since  only  one  cipher  was  annexed  to 
the  numerator.     Ans. 

7  _5 

'  8)7.000  32)5.00000(. 15025     Ans. 

.8  7  5     Ans.  3  2 


Smce.65  =  — ,then,—  ^^ 

must   equal  .65.      Or,  when  ^oo         125 

the  denominator  is  10,  100,  ^^2        1000  ~""^^^*  '^^^' 

1000,  etc.,  point  off  as  many 

places  in  the  numerator  as 

there     are    ciphers     in     the 

denominator.     Doing    so,  160 

65         ^,       .  *         100 

=  .65.     Ans.  


80 
64 


100 

(58)  (a)  This  example,  written  in  the  form  of  a  fraction, 
means  that  the  numerator  (32.5  +  .29  +  1.5)  is  to  be  divided 
by  the  denominator  (4.7  +  9).     The  operation  is  as  follows: 

32.5  +  .29  +  l-5_ 

4,7  +  9         "" 

3  2.5 

+      .29 

+    1.5 


13.7  )  34.29000  (  2.5029     Ans. 

^  '  ^  Since  there  are  5  deci- 

mal places  in  the  dividend 


4.7  6  89 


+  __^  6^5  and  1  in  the  divisor,  there 

13.7  40  0  are  5  —  1  or   4   places  to 

^7  4  be  pointed  off  in  the  quo- 

12  6  0  tient.     The  fifth  figure  of 

123  3  the    decimal   is   evidently 

2  7  less  than  5. 


26 
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(d)  Here  again  the  problem  is  to  divide  the  numerator, 
which  is  (1.283  X  8  +  5),  by  the  denominator,  which  is  2.63. 
The  operation  is  as  follows: 

1.283  X8  +  5_,    —^^_ 

^:e3 -•     8  +  5-13. 

1.283 
X       13 


3849 
1283 


2.6  3 )  1  6. 6  7  9  0  0  0  (  6. 3  4 1 8  Ans. 

1578 

899  480 

789  263 


1100 
1052 

480 


2170 
2104 


66 


589  +  27  X  163-8  __ 


25  +  39 

589 

+    27 

616 


163 

- 8 

155 
X616 
930 
155 
930 


64)95480.000(1491.875 
6  4  Ans. 


25 
+  39 

64 


314 
256 


There  are  three  deci- 
mal places  in  the  quotient, 
since  three  ciphers  were 
annexed  to  the  dividend. 


588 
576 
120 
64 


560 
512 
480 
448 
320 
320 
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...      40.6  +  7.1  X  (3.029-  1.874)  _ 
^    ^  6.27  +  8.53-8.01  "" 

4  0.6  3.0  2  9 

+      7.1  -  1.87  4 

^77  1.15  5 

X     4  7.7 

^•^"^  8  085 

+^8^  8  0  8  5 

14.80  46  20 

—  _8J0J.  6.79)5  5.093500(8.1139.     Ans 

6.7  9  5  43  2 


7  73 
6  decimal  places  in  ^  .^o 

the  dividend  —  2  deci- 
mal places  in  the  divi- 
sor =  4  decimal  places 
to    be   pointed  off   in  2  6  60 

the  quotient.  2  0  37 


945 
679 


6230 
6111 


119 

1  foot  =  12  inches. 

3 

^  of  1  foot  =  -g  X  Y  =  "o^  =  1^9  iiiches.     Ans. 

2 
(60)     12  inches  =  1  foot. 

lofaninch  =  l-12  =  lx^  =  ^ofafoot 

4 
Point  off    6   decimal    places    in   the   quotient,   since   we 
annexed    six    ciphers    to    the    dividend,    the   divisor    con- 
taining  no  decimal   places ;  hence,  6  —  0=6  places  to  be 
pointed  off. 
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64)  1.000000(. 015625  Ans. 
64 


360 
320 


400 

384 


160 
128 

320 
320 

(61)  If  1  cubic  inch  of  water  weighs  .03617  of  a  pound, 
the  weight  of  1,500  cubic  inches  will  be  .03617  X  1,500  = 
54.255  lb. 

.03617  lb. 
1500 


1808500 
3617 


5  4.2  5  5  00  lb.     Ans. 

(62)     72.6  feet  of  fencing  at  1.50  a  foot  would  cost 

7  2.6  X  .50,  or  136.30. 
.50 


W  6.3  0  0 


If,  by  selling  a  carload  of  coal  at  a  profit  of  11.65  per  ton, 
I  make  136.30,  then  there  must  be  as  many  tons  of  coal  in 
the  car  as  1.65  is  contained  times  in  36.30,  or  22  tons. 

1.6  5  )  3  6.3 0  (  22  tons.     Ans. 
330 

330 
330 
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(63)         231  )  17892.00000  (  77.45454,  or  77.4545  to 

1617  four  decima).  places.     Ans. 

17  22 
1617 


1050 
924 


1260 
1155 

1050 
924 

1260 
1155 

1050 

87.13       %        .0952 
/^^x      U'%^  X^X  ^.}m  X  19  X  19  X  850  _ 

1,000  ? 

37.18  X  .0952  X  19  X  19  X  850  _  446,618.947600  _ 

1,000  ""       1,000       ■" 

446.619  to  three  decimal  places.     Ans. 

37.13  19  361  3.534776 

.0052  19  350  126350 


7426  171  18050  176738800 

18565  10  1083  10604328 

33417  ^^  126350  21208666 


3.534776 


7069552 
3534776 

446618.947600 


(65)     See  Art.  174.     Applying  rule  in  Art.  175, 

/  V      «.n«o       ^4       50.7392       51        . 
(^)     .7928x-^  =  — jj^-  =  ^^.      Ans. 

(6)     .1416X3^  =  ^^=3,^.     Ans. 

/  X      .^«,r       16       7.CG64       8       1 

(.)    .47915  Xjg  = -3^=^-^=^.     Ans. 


30  ARITHMETIC.  §  1 

(66)     In  subtraction  of  decimals,     /^\     70  9  6  300 
/fiace    the    decimal  points    directly  8  514 

under  each  other ^  and  proceed  as  in  

the  subtraction  of  whole  numbers,  7  0  8.7  786     Ans. 

placing  the  decimal  point   in  the  remainder  directly  under 
the  decimal  points  abo%^e. 

In  the  above  example  we  proceed  as  follows:  We  can  not 
subtract  4  ten-thousandths  from  0  ten-thousandths,  and,  as 
there  are  no  thousandths,  we  take  1  hundredth  from  the  three 
hundredths.  1  hmidrcdth  =  10  thousandths  =  100  teH-thou- 
sandths.  4  ten-thousandths  from  100  ten-thousandths  leaves 
96  ten-thousandths.  96  ten-thousandths  =  9  thousandths  +  6 
ten-thousandths.  Write  the  6  ten-thousandths  in  the  ten- 
thousandths  place  in  the  remainder.  The  next  figure  in  the 
subtrahend  is  1  thousandth.  This  must  be  subtracted  from 
the  9  thousandths  which  is  a  part  of  the  1  hundredth  taken 
previously  from  the  3  hundredths.  Subtracting,  we  have  1 
thousandth  from  9  thousandths  leaves  8  thousandths,  the  8 
being  written  in  its  place  in  the  remainder.  Next  we  have 
to  subtract  5  hundredths  from  2  hundredths  (1  hundredth 
having  been  taken  from  the  3  hundredths  makes  it  but  2 
hundredths  now).  Since  we  can  not  do  this,  we  take  1  tenth 
from  6  tenths.  1  tenth  (  =  10  hundredths)  +  2  hundredths 
=  12  hundredths.  5  hundredths  from  12  hundredths  leaves 
7  hundredths.  Write  the  7  in  the  hundredths  place  in  the 
remainder.  Next  we  have  to  subtract  8  tenths  from  5  tenths 
(5  tenths  now,  because  1  tenth  was  taken  from  the  6  tenths). 
Since  this  can  not  be  done,  we  take  1  unit  from  the  9  units. 
1  unit  =  10  tenths  ;  10  tenths  +  5  tenths  =  15  tenths,  and  8 
tenths  from  15  tenths  leaves  7  tenths.  Write  the  7  in  the 
tenths  place  in  the  remainder.  In  the  minuend  we  now  have 
708  units  (one  unit  having  been  taken  away)  and  0  units  in  the 
subtrahend.  0  units  from  708  units  leaves  708  units;  hence, 
we  write  708  in  the  remainder. 

{b)      81.0(33  (c)     18.00  (d)     1.000 

1.700  .18  .001 


8  0.2  0  3  Ans.  17.8  2  Ans.  .9  9  9  Ans. 
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.8731 
.0  0  8 


[.('')     l<7a.l  —  (,S721-i-.iHi8)  =  ?    Inlhisprob- 
we   are  to   subtract   (.8731 +.(M)8)  from 
1.     First  perform  the  operation  as  indi- 
Uted    by    the    sign     between    the    decimals    .SSOIjkw. 

(closed  by  the  parenthesis. 
■  Subtracting  the  sum  (obtained   by  adding  the  decimals 
J 1 0  0  0  enclosed  within  the  parenthesis)  from 

ggQ  J    ^  the  number  8i'.f,  1  (as  required  by  the 

minus  sign  before  the  parenthesis). 
e  obtain  the  required  remainder. 

First  perform 


8  71.2199  Ans. 


S.028O 
.0073 
.5.035  3  sum. 


(/)  (5.038  +  .0073)  -  (C.704  -  2.38)  =  ? 
I  he  operations  as  indicated  by  the  signs  be- 
tween the  numbers  enclosed  by  the  paren- 
The  first  parenthesis  shows  that 
1.038  and  .0073  are  to  be  added.  This 
ijves  5.03S3  as  their  sum. 
'  *■■'"*  The  second  parenthesis  shows  that 

^  2.38  is  to  be  subtracted  from  6.704. 

J  4.3![4  difference.  The  difference  is  found  to  be  4.3a4. 
|Tbe  sign  between  the  parentheses  indicates  that  the 
RQ^c^  quantities   obtained   by   performing 

j  32^  the  above  operations,  are  to  be  sub- 

tracted,  namely,  that  4.324  is  to  be 

.7113     Ans.         subtracted   from   .^0353.      Perform- 
ing this  operation  we  obtain  .7113  as  the  final  result. 

(67)  In  subtracting  a  decimal  from  a  fraction,  or  sub- 
tracting a  fraction  from  a  decimal,  cither  reduce  the  fraction 
to  a  decimal  before  subtracting,  or  reduce  the  decimal  to  a 
fraction  and  then  subtract. 


(-) 


.  .807—  ?     -reduced  to  : 


decimal  becomes 
7 


Subtracting  .807  from   . 
nainder  is  .(H18,  as  shown. 
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3 
(6)     .875  — Q-=  ?     Reducing  .875  to  a  fraction  we  have 

o 

_875_-lI^-^-Z.    h  7      3_7-3_4_l 

^    ~  1,000  ~  200  "■  40  ""  8  '  ^^^^^'  8       8  ""      8      ""  8  ~  2  * 

3  3  ^"^ 

Or,  by  reducing  ^  to  a  decimal,  q-)3  qOO  ^^^  ^^^^  ^"^" 

.375 

tracting,  we    obtain   .875  —  .375  =  .5  =  —  =      '^'^  ^ 

1^  .375 

-,  the  same  answer  as  above.  ^5^^     Ans 

^"^^  iwz  "^  •^'^^)  ""  (^  -  .07^  =  ?  We  first  perform  the 
operations  as  indicated  by  the  signs  between  the  numbers 

enclosed  by  the  parentheses.     Reduce  —  to  a  decimal  and 

5  *''* 

we*  obtain  —  =  .15625  (see  example  57). 

21 
Adding  .15625  and  .435.       .15625        :;^=  .21 ;  subtracting.     .21 

♦435  ^^  ,02 

sum    .59125  difference    .14 

We   are   now   prepared   to   perform  the      .59125 
operation  indicated  by  the  minus  sign  be-      -14 
tween  the  parentheses,  which  is,      difference  .45125    Ans. 

(d)  This  problem  means  that  33  millionths  and  17  thou- 
sandths are  to  be  added.  Also,  that  53  hundredths  and 
274  thousandths  are  to  be  added,  and  the  smaller  of  these 
sums  is  to  be  subtracted  from  the  larger  sum.  Thus, 
(.53  +  .274)  -  (.000033  +  .017)  =  ? 


OB 

a 


•o  o 
55§!S«  55  .804  larger  sum. 


«    e    O  j:    bJ 


"Si?  "Si  ."Sg  .017033  j«a//i?rxjri«. 

IgoSlis  llo  difference  .780967     Ans. 


.000038  .53 

.0  1  7  .2  7  4 

.017033  sum.     .804  sum. 
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(68)  In  addition   of  decimals  the  .12  5 
decimal  points  must  be  pl(ued  directly  .7 
under  each  other ^  so  that   tenths   will  .0  8  9 
come    under  tenths^  hundredths  under  .4  00  5 
hundredths^    thousandtlis   under  thou-  .9 
sandths,    etc.     The   addition   is    then  .00  002  7 
performed   as  in  whole   numbers,  the  2  214  5  2  7      Ans. 
decimal  point  of  the  sum  being  placed 

directly  under  the  decimal  points  above, 

• 
0) 

JC 

4-* 

•a 
«  S 

(69)  927.416  (70)     i||l^ 

8.274  -S-g  3:6  5 

372.6  %^%eio3. 

62.07938  g  §i  S  §1 

137  0.3  69  3  8     Ana.  .017 

.2 
.000047 


.001391    Ans. 


.217047  =  Ans. 

(71)     {a)     There   are   3   decimal    places   in   the   multi- 

.10  7  plicand  and  3  in  the  multiplier;  hence, 

.013  there  are  3  +  3  or  6  decimal  places  in 

321  the  product.     Since  the  product  con- 

I  Q 1^  tains  but  four  figures,  we  prefix  two 

ciphers  in  order  to  obtain  the  neces- 
sary six  decimal  places. 
(b)    2  0  3  There  are  two  decimal  places  in  the 

2.0  3  multiplier  and  none  in  the  multipli- 

g  Qg  cand ;  hence,   there  are  2  +  0  or  two 

^^^(^  decimal  places  in  the  first  product. 

Since  there  are  2  decimal  places  in 

the  multiplicand  and  3  decimal  places 

in  the  multiplier,  there  are  3  +  2  or  5 

12  3  6  2  7  decimal  places  in  the  second  product 

82  4180 

83.65427     Ans. 


412.09 
.203 
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{c)  First  perform  the  operations  indicated  by  the  signs 
between  the  numbers  enclosed  by  the  parenthesis,  and  then 
perform  whatever  may  be  required  by  the  sign  before  the 
parenthesis. 

Multiply  together  the  numbers  2.7  3  1.8  5 

and  31.85.  2.7 

The  parenthesis  shows  that  .316  is  22295 

to  be  taken  from  3. IG.        3. IGO  6370 

.316  

85.d95 


2.844 
The  product  obtained  by  the  first 
operation  is  now  multiplied  by  the  8  5.9  9  5 

remainder  obtained   by  performing  2.8  4  4 

the  operation  indicated  by  the  signs 
within  the  parenthesis. 

«}  4  o  9  o  U 

687960 
171990 


244.569780     An& 


(d)  (107.8+6.541  -  31.96)  X  1.742  =  ? 

107.8 
+       6.541 

114.341 
—    31.06 


82.381 
X     1.742 

164762 
329524 
676667 
82381 

143.507702  Ans. 


(72)  {a)   (l-.13)x  .625  +  1=? 

First  perform  the  operation  indicated  by  the  parenthesis. 


§  1  ARITHMETIC.  35 


We  point  off  four  decimal 
places  since  we  annexed  four 
ciphers. 


7 
16 

7 
16 

)7.0000(. 
64 

60 
48 

120 
112 

4375 

80 

80 

.4375 
.13 

Subtracting,  we  obtain         .3075 

The  vinculum  has  the  same  meaning  as  the  parenthesis; 

5  _  5  hence,  we  perform  the  operation  indicated 

■g  ■"  8  )  5.0  0  0    by  it.     We  point  off  three  decimal  places, 
.6  2  5    since  three  ciphers  were  annexed  to  the  5. 

Adding  the  terms  in-  .6  2  5 
eluded  by  the  vinculum,  .625 
we  obtain  1.2  5  0 

The  final  operation  is  to  perform  the  work  indicated  by 
the  sign  between  the  parenthesis  and  the  vinculum,  thus, 

.3075 
1.25 


15375 
6150 
3075 


(b)  (i|  X  .21)  -  (.02  X  j4)  = 


.3843  7  5     Ans. 

? 


.21= 

21 
"100' 

32 

21  _  399 
100  3200* 

.02= 

2 

100* 

2 

100 

x^  = 

6 

• 

1600 

__  3 

800' 

3 

3 

X  4 

12 

399 

12 

300  - 

12 

387 

800 

""800X  4" 

"  3200* 

3200 

3200 

320C 

1 

3200* 
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387 
Reducing  to  a  decimal,  we  obtain 

387 


3200)  387.0000000  (  .1209375     Ans. 
3200 


G700 
G400 


30000 

2  8  8  0  0  Point  off  seven  decimal 

-j^  2  0  0  0  places,  since  seven  ciphers 


9600 

24000 
22400 

16000 
16000 


were  annexed  to  the  divi- 
dend. 


(c)     (i^  +  .013-2.17)x  13^ 


4         16 


13  __  13  Point     off     two     decimal  3.2  5 

4  "~  4)13.0  0     places,    since    two    ciphers     _^    .013 
3.2  5     were  annexed  to  the  divi- 
dend. 


3.2  6  3 
-2.17 


5 

--  reduced  to  a  decimal  is  .3125,  since  TTTT^ 

lb  1.0  Uo 

_5 

16  )  5.0  0  00  ( .3  1  2  5  Point  off  four  decimal 

4  8  places,  since  four  ciphers 

2  0  were    annexed    to    the 

1 G  dividend. 

40 
32 


80 
80 


Then,  7—  =  7.3125,  and  13-  ^  13.25,  since  7-  =  T  x ,  /^/^ 
10  4  4        4)  1.00 

~T26 
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13.26  5.9375 

—     7.3125  X     1.093 

5.9  375  178125 

534375 
593750 
6.48  9  6  87  5     Ans. 

(73)    («). 875  ^  I  =.875 -5-. 5  (since  |- =.5)  =  1.75.  Ans. 

Another  way  of  solving  this  is  to  reduce  .875  to  its  equivalent 
common  fraction  and  then  divide. 

o^K      '^      '         Q^v^t        8*^5         175       35      7      ,,         7 
.875  =  -,  smce  .875  =  ^^  =  —  =  -=^;    then,  -  -^ 

2  "")$  ^1  ""4  ""^4-       ^'""^^  4  ■"4)3.00(.75,    ^4-^-^^' 
'^  28 


the  same  answer  as  above.  2  0 

20 

/AX     7        I.      7       1  /  .  ^      1\       7       ?       7'       3 

(*)     -^.5  =  -^-^smce.5  =  -j  =  ^xf  =  j  =  lj,or 

1.75.  Ans.  4 

7 
This  can  also  be  solved  by  reducing  --  to  its  equivalent 

7 
decimal    and    dividing    by    .5;— =  .875;    .875 -r- .5  =  1.75. 

o 

Since  there  are  three  decimal  places  in  the  dividend  and  one 
in  the  divisor,  there  are  3  —  1,  or  2  decimal  places  in  the 
quotient. 

.  .    .375  X  i  __  ^         We  shall  solve  this  problem  by  first 
-f^  —  '  125  "~        reducing  the  decimals  to  their  equiva- 
lent common  fractions. 
375         75       15      3       3      1        3  .u         1         r 

•^^^  =  i;000  =  200  =  40  =  8-      s><4  =  32'^^'^"^^^^"^^ 
the  numerator  of  the  fraction. 

•^^^  ~  FOOO  ~  200  ~  8*      ^^^"^^"S  8  ^^  sixteenths,    we 
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nominator  of  the  fraction.     The  problem  is  now  reduced  to 

1  1 

3-2      ,    32       3        3        3       ;«      1        ^       . 

3^  ~  •      3^  ~  32  ■  16  ~  ^^  ^  ~  2 

IG  16  2 

1.25  X  20  X  3       ,         In  this  problem  1.25  X  20  x 


(74) 


—    ? 


87  +  (11  X  8)       *      3  constitutes  the  numerator  of 


459  +  32  the  complex  fraction. 

1.2  5         Multiplying   the    factors    of  the   numerator 
2  0     together,  we  find  their  product  to  be  75. 


2  5.0  0 
The  fraction  — "Jl}  ,  .. ,   ^  constitutes  the  denominator  of 

4-51)  -|-  ♦''^ 
the  complex  fraction.     The  value  of  the  numerator  of  this 
fraction  equals  87  +  88  =  175. 

The   numerator   is  combined  as  though  it  were  written 
87  +  (11  X  8),  and  its  result  is 

11 
8  times 

88 
+  87 


175 

The  value  of  the  denominator  of  this  fraction  is  equal  to 
459  +  ;32  —  491.     The  problem  then  becomes 

3 

75  _  75  .   17;-)  _  75  ^^  491  _  ^  X  491  _  1,473  _  ^,^3 
175""  1    •  491~  1  ^"175"      ;7/5    '"     7"    -^"^^T  ^"^• 
491  7 

(75)     1  plus  .001  =  1.001.     .01  plus  .000001  =  .OlOOOL 
And  1.001  -  .010001  = 

1.001 
.0  10001 


9  9  0  9  9  9     Ans. 


§  1  ARITHMETIC.  39 

(76)  .49175  X  30  =  14.7525  pounds.     Ans. 

(77)  If  the  cars  at  the  shaft  were  the  same  size  as  those 
at  the  slope,  the  number  of  cars  from  the  shaft  would  then 
be  three  times  the  number  from  the  slope,  its  output  being 
3  times  that  of  the  slope.  But  the  capacity  of  the  shaft  cars 
is  double  that  of  the  slope  cars;  hence,  instead  of  there 
being  3  times  the  number  of  cars  coming  from  the  shaft  as 
from  the  slope,  there  are  only  J  times  as  many  cars.  Or 
500  X  f  =  750  cars.     Ans. 

26 

(78)  •=— >=  5  inches.     Ans. 

0.2 

(79)  133.68  X  1,728  =  230,999.04  cu.  in. 
230,999.04 


231 


=  1,000  gallons,  nearly.     Ans. 


(80)  Cage,  1,850  pounds. 
Car,  967  pounds. 
Coal,                          1,235  pounds. 

Total  load,  4,052  pounds. 

Friction,  -^— —  =  1,013  pounds. 

Rope,  .88  X  250  =     220  pounds. 
Total  strain,  5,285  pounds.     Ans. 

(81)  800  X  li  =  1,200  gallons  pumped  before  water  is 
turned  on. 

800  gallons  flowing  in  per  hr. 
(5  +  3)  X  60  =  480  gallons  flowing  out  per  hr. 

Difference     =  320  gallons,  net  quantity  flowing  in  per  hr. 

2,000-1,200      -,  ,  11    ,   oi       4  u  A 

2 —  =  2^  hours.     1^  +  2^  =  4  hours.     Ans. 

(82)  900  X  J  =  600  tons,  to  railroad.     Ans. 

900  X  i  =  225  tons,  to  private  trade.     Ans. 

600  +  226  =  825  tons. 

900  —  825  =  75  tons,  to  team  sales.     Ans. 
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(83)     720  X  f  =  480  tons,  lump. 
720  X  i=  240  tons,  screenings. 
240  X  f  =  160  tons,  nut. 
240  X  i  =  80  tons,  steam  coaL 

480  X  •1.50=1720 

160  X    1.00  =    160 

SOX      .25=      20 


Total  sales  =  $900     Ans. 

(84)  $7, 230  -T-  328  =  $22. 04  per  foot.     Ans. 

(85)  62.5  X  1.27  =  79. 375  pounds.     Ans. 

(86)  2,000  -f-  93.5  =  21.39  cu.  ft.     Ans. 

(87)  .49175  -T-  .03617  =  13.5955  cu.  in.     Ans. 

(88)  l-t  =  f 

270  =  f  of  the  whole. 
^i>  =  90  =  i  of  the  whole. 
90  X  5  =450  =  g  of  the  whole,  or  the  negroes  em- 
ployed.  Ans.  450  negroes. 

(89)  Pounds  of  coal  mined  =  5,000  X  344  =  1,720,000  lb. 
Each  car  contains  2,000  X  20  =  40,000  lb. 

Number  of  cars  =  1,720,000  -4-  40,000  =  43.     Ans. 

(90)  Lump,  25  X  20  =  500  tons. 
Lump,  20  X  16  =  320  tons. 

Total,  820  X  1.40  =  *1,148 

Nut,       15  X  16  =  240  X    .90  =        216 
Steam,  12  X  16  =  192  X    .25  =  48 

Total  receipts,  $1,412     Ans, 

(91)  Props,  1,000  X  4  =  4,000  feet. 
Props,  1,200  X  5  =  (;,()0()  feet. 

Total,  10,000  X  .01  =  $100.00 

Total  cost,  $119.80     Ans. 


ARITHMETIC. 

(PA  RT    2.) 

I  (92)    A  certain  per  cent,  of  a  number  means  so  many 

mdredths  of  that  number, 
f  25^  ijf  8.-ii8  lb,  means  -JS  hundredths  of  8,428  lb.     Hence. 

(  of  8,428  lb.  =  .25  X  8,428  lb.  =  2,107  lb.      Ans. 


[  (93)    Here  tlWi  is  the  base  and  1^  =  .01  i 
.01  X  *llXt  =  tl.     Ana. 


the   rate. 


1_ 


I  (94)     T-if  means  one-half  of  one  per  cent. 
2  ).010 
.005 


-^  is  .005.  for. 


And  .005  X  *35,000  -  tirs. 
Ans. 


1  (ftS)     Here  50  is  the  base,  2  is  the  percentage,  and  it  is 
fquired  to  find  the  rate.     Applying  rule,  Art.  193, 

rate  —  percentage  -;-  base; 

rate  ^  2  -i-  50  —  .04  or  if.     Ans. 

(96)     By  Art.   193,  rate  =  percentage  -^  base.* 
As   percentage  =  10  and   base  =  10,  we   have   rate  =  ] 
^  10  =  1  =  100^.     Hence,  10  is  100^  of  10.     Ans. 

^m    (97)     (fl)  Rate  =  percentage  -i-  by  base.     Art.  193. 
^^B  As  percentage  —  Iil7lj,d4  and  base  =  ^2,522,  we  have 
^B  rate  =  176.64  ^2,522  =  .07  =  7^.     Ans. 

^H  2  5  2  2  )  171.5  4 

■ 

•  Remember  that  an  expression  o(  this  form  means  that  the  first 
teTTn  is  li>  be  divided  by  the  second  term.  Thus,  as  above,  it  means 
percentage  divided  by  base. 


2  ARITHMETIC.  §  2 

{d)  Base  =  percentage -4- rate.     Art.  192. 

As  percentage  =  IG.DG  and  rate  =  85^  =  .08,  we  have 

base  =  16.96  -4-  .08  =  212.     Ans. 

.08  )  1  6. 9 6 
2  12 

(r)  Amount  is  the  sum  of  the  base  and  percentage ;  hence, 
the  percentage  =  amount  minus  the  base. 

Amount  =  216. 7025  and  base  =  213.5 ;  hence,  percentage  = 
216.7025  -  213.5  =  3.2025. 

Rate  =  percentage  -4-  base.     Art.  193« 

Therefore,  rate  =  3.2025  -r-  213.5  =  .015  =  l^j^.     Ans. 

213.5)  3.2  02  5  (.015=H5< 
2135 


10675 
10675 


{d)  The  difference  is  the  remainder  found  by  subtracting 
the  percentage  from  the  base ;  hence,  base  —  the  differ- 
ence =  the  percentage.  Base  =  207  and  difference  =201.825, 
hence  percentage  =  207  —  201.825  =  5.175. 

Rate  =  percentage  -r-  base.     Art.  1 93. 

Therefore,  rate  =  5. 175  -r-  207  =  .025  =  .02-^  =  2^5<.     Ans. 

207  )  5.175  (  .025 
4  14 


1035 
10  3  5 


(98)  In  this  problem  $5,500  is  the  amount,  since  it 
equals  what  he  paid  for  the  farm  +  what  he  gained; 
\b^  is  the  rate,  and  the  cost  (to  be  found)  is  the  base. 
Applying  rule.  Art.  197, 

base  =  amount  -i-  (1  -[-  rate) ;  hence, 

base  =  $5,500  -^  (1  +  .15)  =  $4,782.61.     Ans. 


§  2  ARITHMETIC. 

1.16)5500.0000  (4782.61 
460 


900 
805 


950 
920 


300 
230 


700 
690 


100 
115 


The  example  can  also  be  solved  as  follows :  lOOj^  =  cost ;  if  he 
gained  15^^,  then  100+  15=  115^^  =  $5,500,  the  selling  price. 

If  1155^  =  $5,500,  Ij^  =  -L  of  15,500  =  $47.8261,  and  lOOji, 

or  the  cost,  =  100  X  $47.8261  =  $4,782.61.     Ans. 
(99)        24   ^  of  $950  =  .24    X  950  =  $228 

12-^^  of  $950  =  .125  X  950  =    118.75 

17   ft  of  $950  =  .17    X  950  =    161.50 


63^^  of  $950  =  $508. 25 

The  total  amount  of  his  yearly  expenses,  then,  is  $508.26, 
hence  his  savings  are  $950  —  $508.25  =  $441.75.     Ans. 

Or,  as  above,  245<  + 12 -5^  +  175^  =53^^^,    the   total   per- 
centage of  expenditures;  hence,  lOOj^  —  53-^  =  46-^^  =  per 

cent,   saved.      And  $950  X.  465=  $441.75  =  his  yearly  sav- 
ings.    Ans. 

(lOO)     The  percentage  is  001.38,  and  the  rate  is  .37-. 

z 

By  Art.  192, 

Base  =  percentage  -4-  rate 

=  961.38  -^  .375  =  2,563.08,  the  number.     Ans. 


4                                    ARITHMETIC.  §  2 

Another  method  of  solv-  .375)961.38  0  00(25  6  3.6  8 

ing  is  the  following :  7  5  0 

If  37  ^^   of  a  number  is  2113 

^  1875 

961.38,  then  .37^  times  the  ^3  88 

number  =  961.38    and    the  2  2  50 


number  =  961.38  -^  .37 1^,  W^^k 

which,  as  above  =  2,563.68.  "TTso 

^"^-  22  50 


3000 
3000 


(101)  Here  ♦1,125  is  '30^  of  some  number;  hence, 
$1,125  =  the  percentage,  30^  =  the  rate,  and  the  required 
number  is  the  base.     Applying  rule.  Art.  1 92, 

Base  =  percentage  -i-  rate  =  $1,125  -4-  .30  =  $3,750. 

3  1 

Since  $3,750  is  j  of  the  property,  one  of  the  fourths  is  - 

4 
of  $3,750  =  $1,250,  and  -  or  the  entire  property,  is  4  X  $1,250 

=  $5,000.     Ans. 

(102)  Here  $4,810  is  the  difference  and  355<  the  rate. 
By  Art.  198, 

Base  =  difference  -r-  (1  —  rate) 

=  $4,810  -^  (1  -  .35)  =  $4,810  -r-  .65  =  $7,400.     Ans. 

.65)48  10.00(7400 
4  5  5 


2  00  1.00 

260  .35 


00  .05 

Solution  can  also  be  effected  as  follows:  100^=  the  sum 
diminished  by  35^  then  (1  -  .35)  =  .65,  which  is  $4,810. 


§  2  ARITHMETIC.  5 

If  65^  =  $4,810,  Ij^  =  -^  of  4,810  =  $74,  and  lOOj^  =  100  X 

bo 

$74  =  $7,400.     Ans. 

(103)     In  this  example  the  sales  on  Monday  amounted  to 

$197.55,  which  was  12-j^  of  the  sales  for  the   entire  week; 

i.  e.,  we  have  given  the  percentage,  $197.55,  and  the  rate, 

12-j^,  and  the  required  number  (or  the  amount  of  sales  for 

the  week)  equals  the  base.     By  Art.  1 92, 

Base  =  percentage  -r-  rate  =  $197.55  -r-  .125; 

or,        .125)197.5500(1580.4  Ans. 

125 


725 
625 


1005 
1000 


500 
500 

Therefore,  base  =  $1,580.40,  which  also  equals  the  sales 
for  the  week. 

(104)     16.5  miles  =  12-5^  of  the  entire  length  of  the  road. 
We  wish  to  find  the  entire  length. 

16.5  miles  is  the  percentage,  12-j^  is  the  rate,  and  the  en- 
tire  length  will  be  the  base.     By  Art.  192, 

Base  =  percentage  -f-  rate  =  1G.5  -i-  .12—. 

At 


.125)16.5  00(132  miles. 
12  5 

Ans. 

400 
375 

250 
250 

6  ARITHMETIC.  §  2 

(105)     Here  we  have  given  the  difference,  or  $35,  and  the 
rate,  or  60j^,  to  find  the  base.     We  use  the  rule  in  Art.  1 98> 
Base  =  difference  ^  (1  —  rate) 

=  *35  -^  (1  -  .60)  =  $35  -T-  .40  =  $87.50.     Ans. 
.40)35.000(87.5 
320 


300 
280 


200 
200 


Or,  lOOji  =  whole  debt ;  100^  -  60j^  =  40j<  =  $35. 


1       r    ^...       35 


If     40^  =  $35,    then    1^  =  —  of    $35  =  ^,   and    1005<  = 


OK 

^X  100  =  $87.50.     Ans. 
40 


(106)  28  rd.  4  ytl.  2  ft.  10  in.  to  inches. 
X 5^ 

154  Since  there  are  5^  yards  in 

I       4  one  rod,  in  28  rods  there  are 

i  o  o  yaras  ^^^^  ^  ^^^^^  ^  ^^^  ^^^^^    ^^^^^^ 

are  3  feet  in  one  yard;  there- 

47  4  fore,    in    158   yards   there    are 

+ 2  3  X  158  or  474  feet;  474  feet  + 

4  7  6  feet  ^  ^^^^  =  ^"^^   ^c^^-     There  are 

X      12  ^^  inches  in   one  foot,  and  in 

gy  476  feet  there  are  12  X  476  or 

I        \q  5»"1^^  inches;  5,712  inches  + 10 

inches  =  5,722  inches.     Ans. 

6  7  22  inches.  Ans. 

(107)  12  )  5  7  2  2  inches. 

3  )  476  +  10  inches. 

5i  )  158  +  2  feet. 

2  8  +  4  yards. 
Ans.  =  28  rd.  4  yd.  2  ft.  10  in. 


ARITHMETIC. 


Explanation. — There  are  I'i  inches  in  1  foot;  hence,  in 
5,12i  inches  there  are  as  many  feet  as  12  is  contained  times 
in  5,722  inches,  or  47<i  ft.  and  10  inches  remaining.  Write 
these  10  inches  as  a  remainder.  There  are  3  feet  in  1  yard; 
hence,  in  47fi  feet  there  are  as  many  yards  as  3  is  contained 
times  in  47fi  feet,  or  158  yards  and  2  feet  remaining.    There 

yards  in  one  rod;  hence,  in  158  yards  there  are  88  rods 

md  i  yards  remaining.     Then,  in  5,722  inches  there  are 
}  rd.  4  yd.  2  ft.  10  in. 


{I08) 


weeks  ;i.5  da 


X    7 


lys. 


38. 5  days. 


3  5      days  in  5  weeks. 
+    3.5 
3  8.5  days, 
n,  we  find  how  many  seconds  there  are  ii 
3  8.5  days 
X       3  4  hours  in  one  day. 
1540 
7  70 

H24.0  hours  in  38.5  days. 

X       (iO  minutes  in  one  hour. 

5  5440  minutes  in  38.5  days. 

X       CO  seconds  in  one  minute. 

3326400  seconds  in  38.5  days.     Ans. 

(I09)     Since  there  are  34  gr.  in  1  pwt.,in  13,750gr.  there 

are   as   many  pennyweights   as   24  is   contained   times   in 

13.750.  or  572  pwt.  and  32  gr.  remaining.      Since  there  are 

^HO  pwt.  in   1  oz.,  in  572  pwt.  there  are  as  many  ounces  as 

^^B  is  contained  times  in  572.  or  28  oz.  and  12  pwt.  remaining. 

^B  Since  there  are  13  oz.  in  1  lb.  (Troy),  in  28  oz.  there  are 

as  many  pounds  as  13  is  contained  times  in  28,  or  2  lb.  and 

4  oz.  remaining.      We  now  have  the  pounds   and    ounces 

required  by  the  problem;  therefore,  in  13,750  gr.  there  are 

^^Ub.  4  oz.  12  pwt.  22  gr. 


8  ARITHMETIC.  §2 

24  )  1  3  7  5  0  gr. 

20  )  5  7  2  pwt.  +  22  gr. 
12  )  2  8  oz.  +  12  pwt. 
2  lb.  +  4  oz. 
Ans.  =  2  lb.  4  oz.  12  pwt.  22  gr. 

(110)  100  )  4  7  (I  3  2  5  4  li. 

80  )  4  7  0  3  2  +  54  li. 
5  9  5  +  32  ch. 
Ans.  =  505  mi.  32  ch.  54  li. 

Explanation. — There  are  100  li.  in  one  chain;  hence,  in 
4,703,254  li.  there  are  as  many  chains  as  100  is  contained 
times  in  4,703,254  li.,  or  47,032  ch.  and  54  li.  remaining. 
Write  the  54  li.  as  a  remainder.  There  are  80  ch.  in  one 
mile ;  hence,  in  47,032  ch.  there  are  as  many  miles  as  80  is  con- 
tained times  in  47,032  ch.,  or  595  miles  and  32  ch.  remaining. 

Then,  in  4,703,254  li.  there  are  595  mi.  32  ch.  54  li. 

(111)  1728  )  7  0  4  3  2  5  cu.  in. 

27  )  442  +  549  cu.  in. 

1  0  cu.  yd.  +  10  cu.  ft. 
Ans.  =  10  cu.  yd.  10  cu.  ft.  549  cu.  in. 

Explanation. — There  are  1,728  cu.  in.  in  one  cubic  foot; 
hence,  in  704,325  cu.  in.  there  are  as  many  cubic  feet  as 
1,728  is  contained  times  in  704,325,  or  442  cu.  ft.  and 
549  cu.  in.  remaining.  Write  the  549  cu.  in.  as  a  remainder. 
There  are  27  cu.  ft.  in  one  cubic  yard ;  hence,  in  442  cu.  ft. 
there  are  as  many  cubic  yards  as  27  is  contained  times  in 
442  cu.  ft.,  or  10  cu.  yd.  and  10  cu.  ft.  remaining.  Then,  in 
704,325  cu.  in.  there  are  10  cu.  yd.  10  cu.  ft.  549  cu.  in. 

(112)  We  must  arrange  the  different  terms  in  cohimns, 
taking  care  to  have  like  denominations  in  the  same  column. 

rd.      yd.     ft.      in. 

2  2         2         3 
4         19 

2         7 

3  2i       0         7 

or     3        2        2         1     Ans. 


ARITHMETIC, 


,  Explanation, — We  begin  to  add  at  the  right-hand  col- 
umn. 7  -f-  "  +  3  =  19  '"■ :  as  12  in.  make  one  foot,  11)  in.  — 
1  ft.  and  7  in.  Place  the  7  in.  in  the  inches  column,  and 
reserve  the  I  ft.  to  add  to  the  next  column. 

1  (reserved)  -f-  2  +  1  +  2  =  (i  ft.  -Since  3  ft.  make  1  yard. 
(i  ft.  =  i  yd.  and  0  ft.  remaining.  Place  the  cipher  in  the 
column  of  feet  and  reserve  the  3  yd.  for  the  next  column. 

■  2  (reserved)  +  4  +  2  =  8  yd..   Since  5-  yd.  =  1  rod,  8yd.  = 


rd.  and  2-  yd.     Place  2-  yd. 


the  yards  column,   and 
:d)  +  3  =  3  rd. 


reserve  1  rd.  for  the  next  column;  1  (re; 
Ans.  =  S  rd.         3i  yd.         0  ft. 

or,  3  rd.  2  yd.  1  ft.  13  in. 
or,  3  rd.  2  yd.  2  ft.  1  in.  Ans. 
E  (1 1 3)  We  write  the  compound  numbers  so  that  the  units 
f  the  same  denomination  shall  stand  in  the  same  column. 
leginning  to  add  with  the  lowest  denomination,  we  find  that 
the  sum  of  the  gills  is  1  +  2  + 
gaL  qi,  pi.  gi.  3  =  0.  Since  there  are  4  gi.  in 
^  1  pint,  in  G  gi.  there  are  as  many 

^  pints  as  i  is  contained  times  in 

1  6,  or  1  pt.  and  2  gi.      We  place 

'■^  2    gi.    under    the    gills   column 

16  gal.  3  qt.  Opt.  2  gi.  and  reserve  the  1  pt.  for  the 
pints  column;  the  sum  of  the 
bts  is  1  (reserved)  +  6  +  1  +  1  =  8.  Since  there  are  2  pt. 
I  1  quart,  in  8  pt.  there  are  as  many  quarts  as  2  is  con- 
ned times  in  8,  or  4  qt.  and  0  pt.  We  place  the  cipher 
nder  the  column  of  pints  and  reserve  the  4  for  the  quarts 
ttlumn.  The  sum  of  the  quarts  is  4  (reserved)  +  8  +  3  =  I.'i. 
Since  there  are  4  qt.  in  1  gallon,  in  15  qt.  there  arc  as  many 
gallons  as  4  is  contained  times  in  15,  or  3  gal.  and  3  qt.  re- 
maining. We  now  place  the  3  under  the  quarts  column 
and  reserve  the  3  gal.  for  the  gallons  column.  The  sum  of 
the  gallons  column  is  3  (reserved)  +  4  +  0  +  3  =  lU  gal. 
Since  we  can  not  reduce  10  gal.  to  any  higher  denomination, 
re  have  IG  gal.  3  qt.  0  pt.  and  2  gi.  for  the  answer. 


^■»e  have  IC  ga 


10  ARITHMETIC.  §  2 

(114)    Reduce  the  grains,  pennyweights,  and  ounces  to 
higher  denominations. 

24 )  240  gr.  20 )  125  pwt.  12  )  50  oz. 

10  pwt.  6  oz.  5  pwt.  4  lb.  2  oz. 

Then,  3  lb.  +  4  lb.  2  oz.  +  0  oz.  5  pwt.  +  10  pwt.  = 

lb.  oz.  pwt 

3 
4  2 

6  6 

10 


deg. 

mm. 

sec 

11 

16 

12 

13 

19 

30 

20 

0 

25 

0 

26 

29 

10 

17 

11 

7  lb.         8  oz.         15  pwt.     Ans. 

(115)  Since  **  seconds  *Ms  the  lowest  denomination  in 
this  problem,  we  find  their  sum  first,  which  is  11  +  29  +  25  -f 

30  +  12,  or  107  seconds.  Since 
there  are  60  seconds  in  1  minute, 
in  107'  there  are  as  many  minutes 
as  60  is  contained  times  in  107,  or 
1  minute  and  47  seconds  remain- 
ing. We  place  the  47  under  the 
seconds  column  and  reserve  the  1 
55°  19'  47'     for  the  minutes  column.  The  sum 

of  the  minutes  is  1  (reserved)  + 
17  +  26  +  19  +  16,  or  79.  Since  there  are  60  minutes  in 
1  degree,  in  79  minutes  there  are  as  many  degrees  as  60  is 
contained  times  in  79,  or  1  degree  and  19  minutes  remaining. 
We  place  the  19  under  the  minutes  column  and  reserve  the 

1  degree  for  the  degrees  column.  The  sum  of  the  degrees 
is  1  (reserved)  +  10  +  20  +  13  +  11,  or  55  degrees.  Since 
we  can  not  reduce  55  degrees  to  any  higher  denominations, 
we  have  55°  19'  47'  for  the  answer. 

(116)  Since  '* inches"  is  the  lowest  denomination  in 
this  problem,  we  find  their  sum  first,  which  is  11  -}-  8  -}-  6,  or 
25  inches.  Since  there  are  12  inches  in  1  foot,  in  25  inches 
there  are   as   many  feet  as  12  is  contained  times  in  25,  or 

2  feet  and  1  inch  remaining.  Place  the  1  inch  under  the 
inches  column,  and  reserve  the  2  feet  to  add  to  the  column 


ARITHMETIC. 


11 


10 


if  the  feet  is  3  feet  (reserved)  +  2  +  1  = 
5   feet-      Since  there  are   3 
i'l-  feet   in   1   yard,    in   6   feel 

*''  there  are  as  many  yards  as  3 

^  is  contained  times  in  5  feet, 

"  or  1  yard  and  3  feet  remain- 

1  ing.    Place  the  2  feet  under 

the  column  of  feet,  and  re- 
serve the  1  yard  to  add  to  the 
columnof yards.  Thesumof 
;d)  -f  4  4-  5  =  10  yards.    Since  there 


7  Ans. 


e  yards  is  1  yard  (rt 

-  yards  in  1  rod,  in  10  yards  there  are  as  many  rods  as 

;>—  is  contained  times  in  10,  or  1  nxl  and  4— yards  remaining. 

place  the  4^  yards  under  the  column  of  yards,  and  reserve 

I  rod  for  the  column  of  rods.     The  sum  of  the  rods  is  1 
ierved)  +  :i04-f2I5-)-130=650   rods.      Place   050  rods 
[dder  the  column  of  rods.     Therefore,  the  sum  is  050  rd. 

J  yd.  2  ft.  1  in.     Or,  since  —a  yard  =  1  ft,  C  in,,  and  since 

;  are  !J30  rods  in  1  mile,  the  sum  may  be  expressed  as 
mi.  10  rd.  5  yd.  0  ft,  7  in.     Ans. 

117)     Since  '■  square  links  "  is  the  lowest  denomination 
I  this  problem,  we  find  their  sum  first,  which  is  21  +23 
+  Ifi  +  18  +  23  +  21, 


sq.  ch,    sq.  rd.    sq.  IL       122  square  links.     Place  132 
6^^  3  21         square  links  under  the  eol- 

^^  2  23        umn   of   square  links.     The 

*•  '^  IS        sum   of   the   square   rods  is 

5!'  2  ir,         2  +  3  +  2  _j.  2  -I-  2  +  3,    or 

■^3  -^  -■'  H   square    rods.       Place    11 

•^  2  21         square   rods   under   the  col- 

3         14         122         "f""   of   square   rods.     The 
sum    of    the    square    chains 
Since  there  are  1(1  square  chains  in 
there  are  as  many  acres  as  10  is 


sSS-'t  square  chains, 
tcre,  in  323  square  i 


hai: 
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contained  times  in  323  square  chains,  or  32  acres  and  3  square 
chains  remaining.  Place  3  square  chains  under  the  column 
of  square  chains,  and  reserve  the  32  acres  to  add  to  the  col- 
umn of  acres.  The  sum  of  the  acres  is  32  acres  (reserved)  + 
40  +  25  +  50+47  +  28  +  21,  or  255  acres.  Place  255 
acres  under  the  column  of  acres.  Therefore,  the  sum  is 
255  A.  3  sq.  ch.  14  sq.  rd.  122  sq.  li.     Ans. 

(118)  Before  we  can  subtract  300  ft.  from  20  rd.  2 
yd.  2  ft.  and  9  in.,  we  must  reduce  the  300  ft.  to  higher 
denominations. 

Since  there  are  3  feet  in  1  yard,  in  300  feet  there  are 
as  many  yards  as  3  is  contained  times  in  300,  or  100  yards. 

There  are  5-  yards  in  1  rod,  hence  in  100  yards  there  are  as 
many  rods  as  5—  or  —  is  contained  times  in  100  =  IS—r  rods. 

100  .   11- 100  V   ^  _1Q0X2_200 

100.    ^  -  100  X  ^^  -        ^^       -  TT)  200  (  18:^  rd. 


11 


11 


90 
88 


1  11  2 

Since  there  are  5—  or  -t-  yards  in  1  rod,  in  — r  rods  there 

2  2-^  '       11 

are  77  X  -.y,  or  one  yard,  so  we  find  that  300  feet  equals 

IS  rods  and  1  yard.     The  problem  now  is  as  follows:  From 
20  rd.  2  yd.  2  ft.  and  0  in.  take  18  rd.  and  1  yd. 

We  ])lace  the  smaller  number  under  the  larger  one,  so 
that   units    of   the    same    denomination    fall   in   the    same 

column.  Beginning  with  the  lowest 
denomination,  we  see  that  0  inches 
from  9  inches  leaves  9  inches.  Going 
to  the  next  higher  denomination,  we 
2  9  see  that  0  feet  from  2  feet  leaves 
2  feet.     Subtracting  1  yard  from  2 


rd. 

yd. 

ft. 

in. 

20 

2 

2 

9 

18 

1 

0 

0 
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^ards,  we  have  1  yard  remaining,  and  18  rods  from  20  rods 
s  a  rods.     Therefore,  the  difference  is  a  rd.  1  yd.  2  ft. 
Ans. 


(119) 


75 


TO 


26J    Ans. 

Explanation. — Place  the  subtrahend  under  the  minuend 
>  that  like  denominations  are  under  each  other.  Then 
Kgin  at  the  right  with  the  lowest  denomination.  We 
I  not  subtract  30  from  25,  so  we  take   one   square  rod 

=  30j  square  yards)  from  80  square  rods,  leaving  79  square 
s;  adding  3U—  square  yards  to  25  square  yards,  we  have 
■  square  yards;   subtrat-ting  30  from   65-t-  square   yards 

leaves  257-  square  yards;  we  now  subtract  70  square  rods 

from  79  square  rods,  which  leaves  9  square  rods;  next,  we 
loblract    75   acres  from   114  acres,  which   leaves   SO  acres, 
ich  we  place  under  the  column  of  acres, 
(120)     If  10  gal.   2  qt,    and  1  pt.   of  mo[as.<;es  are  sold 
I  hogshead  at  one  time,  and  2fi  gal.  ^  qt.  are  sold  at 
inother  time,  then  the  total  amount  of  molasses  sold  equals 
Dgal.  2  qt.  1  pt.  plus  2(!  gal,  3  qt. 
Since  the   pint  is  the  lowest  denomination,   we  add  the 
bints  first,  which  equal  U  +  1,  or  I  pint.    We  can  not  reduce 
1  pint  to  any  higher  denomina- 
tion,  so  we  place  it  under  the 
pint    column.      The    number    of 
quarts    i:i    3  +  2,    or    5.       Since 
there  are  4  quarts  in  1   gallon, 
in  6  quarts  there  are  as  many 
gallons  as  4  is  contained    times    in    5.    or   1    gallon    and 
l  quart  remaining.     We  jilace  the  1  quart  under  the  (jiiart 
xilumn,  and  reserve  the  1  gallon  to  add  to  the  c.ilumn  of 


37  gal.     1  qt.       1  pt. 


gal. 

qt 

pt. 

62 

3 

2 

37 

1 

1 
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gallons.  The  number  of  gallons  equals  1  (reserved)  -f-  26 
+  10,  or  37  gallons. 

If  37  gal.  1  qt.  and  1  pt.  are  sold  from  a  hogshead  of 
molasses  (63  gal.),  there  remains  the  difference  between  63 
gal.  and  37  gal.  1  qt.  1  pt.,  or  25  gal.  2  qt.  and  1  pt. 

63  gal.  is  the  same  as  62  gal.  3  qt.  2  pt.,  since  1  gal.  equals 

4  qt.  and  1  qt.  =  2  pt. 

Beginning  with  the  lowest  denomination,  1  pt.  from  the 

2  pt.  1  pint  from  2  pints  leaves  1 
pint.  One  quart  from  3  quarts 
leaves  2  quarts,  and  37  gallons 
from  62  gallons  leaves  25  gallons. 

'^^  '^  ^       Therefore,  there  are  25  gal.  2  qt. 

and  1  pt.  of  molasses  remaining  in  the  hogshead.     Ans. 

(121)  If  a  person  were  born  June  19,  1850,  in  order  to 
find  how  old  he  would  be  on  Aug.  3,  1892,  subtract  the 
earlier  date  from  the  later  date. 

On  August  3,  7  mo.  and  3  da.  have  elapsed  from  the  begin- 
ning of  the  year,  and  on  June  19,  5  mo.  and  19  da. 

Beginning  with  the  lowest  denomination,  we  find  that  19 
days  can  not  be  taken  from  3  days,  so  we  take  1  month  from 
7  months.     The  1  month  which  we  took  equals  30  days,  for 

in  all  cases  30  days  are  allowed  to 
a  month.     Adding  30  days  to  the 

3  days,  we  have  33  days ;  subtract- 
ing 19  days  from  33  days,  we  have 

42  1  14       14  days  remaining.    Since  we  bor- 

rowed 1  month  from  the  months 
column,  we  have  7  —  1,  or  6  months  remaining;  subtracting 

5  months  from  6  months,  we  have  1  month  remaining.  1850 
from  1892  leaves  42  years.  Therefore,  he  would  be  42  years 
1  month  and  14  days  old.     Ans. 

(122)  If  a  note  given  Aug.  5,  1890,  were  paid  June  3, 
1892,  in  order  to  find  the  length  of  time  it  was  due,  subtract 
the  earlier  date  from  the  later  date. 

Beginninj^  with  the  lowest  denomination,  we  find  that  5 
can  not  be  subtracted  from  3,  so  we  take  a  unit  from  the  next 


yr. 

mo. 

da. 

1892 

7 

3 

1850 

5 

19 

ARITHMETIC. 


15 


yr.  ma.  da.     higher    denomination,     which    is 

1892  5  3       months.     The  1  month  which  we 

1800  7  5       take  equals  30  days.  Addingthe30 

1  y  28      daysto  the  3  days,  we  have  33  days. 

5  days  from  33  days  leaves  28  days. 

Since  we  took  1   month  from  the  months  column,  only   4 

months  remain.     7  months  cannot  be  taken  from  4  months, 

3  we  take  1  year  from  the  years  column,  which  equals  12 

iinths.      12  months  •}-  i  months  =  H3  months.      7  months 

18  months  =  y  months.     Since  we  took  1  year  from  the 

i  column,  we  have  1*I»3  —  1,  or  1891  remaining,     1890 

ifrom  1891  leaves  1  year.      Hence,  the  note  ran  1   year  9 

nonths  and  2S  days.     Ans. 

(123)  Write  the  number  of  the  year,  month,  day,  hour, 
,nd  minute  of  the  earlier  date  under  the  year,  month,  day, 
hour,  and  minute  of  the  later  date,  and  subtract. 

22  minutes  before  8  o'clock  is  the  same  as  38  minutes  after 
7  o'clock.  7  o'clock  p.  m.  is  19  hours  from  the  beginning  of 
the  day,  as  there  are  12  hours  in  the  morning  and  7  in  the 

emoon.  December  is  11  months  from  the  beginning  of 
:he  year. 

lock  A.  M.  is  10  hours  from  the  beginning  of  the  day. 
July  is  n  months  from  the  beginning  of  the  year.  The 
minuend  would  be  the  later  date,  or  1,888  years,  11  months, 
11  days,  ID  hours,  and  :t8  minutes. 

The  subtrahend  would  be  the  earlier  date,  or  1,883  years, 

months,  3  days,  10  hours,  and  16  minutes. 

Subtracting,  we  have 


^the 

mm' 


11    11 


19       38 


,  5  yr.  5  mo.  8  da.  9  hr.  and  22  min.     Ans. 
16  minutes  subtracted  from  38  minutes  leaves  23  minutes; 
pO hours  from  19  hours  leaves  9  hours;  3  days  from  U  days 
iaves  8  days;  6  months  subtracted  from  11  months  leaves 
f  months;  1,883  from  1,888  leaves  5  years. 
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(124)    In  multiplication   of   denominate   numbers,    we 

place  the  multiplier  under  the  lowest  denomination  of  the 

multiplicand,  as 

17  ft.         3  in. 

51 

879  ft.         9  in. 

and  begin  at  the  right  to  multiply.  61  X  3  =  163  in.  As 
there  are  13  inches  in  1  foot,  in  153  in.  there  are  as  many 
feet  as  12  is  contained  times  in  153,  or  12  feet  and  9  inches 
remaining.  Place  the  9  inches  under  the  inches,  and  reserve 
the  12  feet.  51  X  17  ft.  =  807  ft.  8(37  ft.  +  12  ft.  (reserved) 
=  879  ft. 

879  feet  can  be  reduced  to  higher  denominations  by  divi- 
ding by  3  feet  to  find  the  number  of  yards,  and  by  6  ^r  yards 


to  find  the  number  of  rods. 

3  )  8  7  9  ft.  9  in. 

6.5)293  yd. 

5  3  rd.  1^  yd. 

Then,  answer  —  53  rd.  H  yd.  0  ft.  9  in. 

;  or  63  rd, 

.  1yd  2 

ft.  3  in 

(125)         qt.                         pt 

gi. 

3                           1 

3 

4.7 

18.2qt.                   0 

.1 

or,   1  8     qt.                  0  pt. 

1.7  gi. 

or,  4  gal.       2     qt.                  0  pt. 

1.7  gi. 

Ans. 

Place  the  multiplier  under  the  lowest  denomination  of  the 
multiplicand,  and  proceed  to  multiply.  4.7  X  3  gi.  =  14.1  gi. 
As  4  gi.  =  1  pt.,  there  are  as  many  pints  in  14.1  gi.  as  4  is 
contained  times  in  14.1  =  3.5  pt.  and  .1  gi.  over.  Place  .1 
under  gills  and  carry  the  3.5  pt.  forward.  4.7  X  1  pt.  =4.7 
pt. ;  4.7  +  3.5  pt.  =  8.2  pt.  As  2  pt.  =  1  qt.,  there  are  as 
many  quarts  in  8.2  pt.  as  2  is  contained  times  in  8.2  =  4.1 
qt.  and  no  pints  over.  Place  a  cipher  under  the  pints,  and 
carry  the  4.1  qt.  to  the  next  product.  4.7  X  3  qt.  =  14.1; 
14.1  +  4.1  =  18.2  qt.     The  answer  now  is  18.2  qt.  0  pt.  .1 
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gi.  Reducing  the  fractional  part  of  a  quart,  we  have  18  qt. 
0  pt.  1.7  gi.  (.2  qt.  =  .2X8=  1.6  gi. ;  1.6  +  .1  gi.  =  1.7  gi.). 
Then,  we  can  reduce  18  qt.  to  gallons  (18  -5-4  =  4  gal.  and 
2  qt.)  =  4  gal.  2  qt.  1.7  gi.     Ans. 

The  answer  may  be  obtained  in  another  and  much  easier 
way  by  reducing  all  to  gills,  multiplying  by  4.7,  and  then 
changing  back  to  quarts  and  pints.     Thus, 

3qt. 
X    2  pt.  3  qt.  1  pt.  3  gi.  =  31  gi. 


6pt. 

OX    ^1.     /\    T,  t     X«t».  (     ^1. 

+    Ipt. 

4)145.7  gi. 

7pt. 

• 

2)36      pt. +  1.7gi. 

X    4gi. 

18     qt.  +     0  pt. 

28  gi. 

Ans.  =  18  qt.  1.7  gi. ; 

+    3gi. 

or,  4  gal.  2  qt.  1.7  gi. 

31  gi. 

( 1 26)     (3  lb.  10 

oz.  13  pwt.  12  gr.)  X  1.5  =  ? 

3  lb.  10  oz.  13  pwt.  12  gr. 

X12 

3  6     oz. 

+  10 

4  6     oz. 

X     20 

9  2  0  pwt. 

+    13 

9  3  3  pwt 

X     24 

2  2  3  9  2  gr. 

+     12 

22404gr. 

22,404  gr.  X  1.5  = 

=  33,606  gr. 

24 )  3  3  6  0  6  gr. 

20 )1400  pwt.  +  6  gr 

12  IJO^ oz.  +  0  pwt 

6  lb.  -t-  10  oz. 
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Since  there  are  24  gr.  in  1  pwt.,  in  33,606  gr.  there  are  as 
many  pwt.  as  24  is  contained  times  in  33,606,  or  1,400  pwt. 
and  6  gr.  remaining.  This  gives  us  the  number  of  grains 
in  the  answer.  We  now  reduce  1,400  pwt.  to  higher  denom- 
inations. Since  there  are  20  pwt.  in  1  oz.,  in  1,400  pwt. 
there  are  as  many  ounces  as  20  is  contained  times  in  1,400, 
or  70  oz.  and  0  pwt.  remaining;  therefore,  there  are  0  pwt. 
in  the  answer.  We  reduce  70  oz.  to  higher  denominations. 
Since  there  are  12  oz.  in  1  lb.,  in  70  oz.  there  are  as 
many  pounds  as  12  is  contained  times  in  70,  or  6  lb. 
and  10  oz.  remaining.  We  can  not  reduce  5  lb.  to  any 
higher  denominations.  Therefore,  our  answer  is  5  lb.  10  oz. 
6gr. 

Another  but  more  complicated  way  of  working  this 
problem  is  as  follows : 

To  get  rid  of  the  decimal 
in  the  pounds,  reduce  .  5  of  a 
pound  to  ounces.  Since 
1  lb.  =  12  oz.,  .5  of  a  pound 
equals  .5  lb.  X  12  =  6  oz. 
6  oz.  +  15  oz.  =  21  oz.  We 
now  have  4  lb.  21  oz.  19.5  pwt. 
and  18  gr.,  but  we  still  have  a 
decimal  in  the  column  of  pwt.,  so  we  reduce  .5  pwt.  to  grains 
to  get  rid  of  it.  Since  1  pwt.  =  24  gr.,  .5  pwt.  =  .5  pwt. 
X  24=  12  gr.  12  gr.  +  18  gr.  =  30  gr.  We  now  have  4 
lb.  21  oz.  10  pwt.  and  30  gr.  Since  there  are  24  gr.  in  1  pwt., 
in  30  gr.  there  is  1  pwt.  and  G  gr.  remaining.  Place  6  gr. 
under  the  column  of  grains  and  add  1  pwt.  to  the  pwt. 
column.  Adding  1  pwt.,  we  have  19  +  1  =  20  pwt.  Since 
there  are  20  pwt.  in  1  oz. ,  we  have  1  oz.  and  0  pwt.  remain- 
ing. Write  the  0  pwt.  under  the  pwt.  column,  and  reserve 
the  1  oz.  to  the  oz.  column.  21  oz.  +  1  oz.  =  22  oz.  Since 
there  are  12  oz.  in  1  lb.,  in  22  oz.  there  is  1  lb.  and  10  oz. 
remaining.  Write  the  10  oz.  under  the  ounce  column,  and 
reserve  the  1  lb.  to  add  to  the  lb.  column.  4  lb.  -}-  I  ^b- 
(reserved)  =  5  lb.  Hence,  the  answer  equals  6  lb.  10  oz. 
6gr. 


lb. 

oz. 

pwt. 

gr. 

3 

10 

13 

1  2 
1.5 

4.5 

15 

19.5 

1  8 

or,  4 

21 

19 

3  0 

or,  5 

10 

0 

6  Ans. 
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r  (127)     If  each  barrel  of  apples  contains  2  bii.  3  pk.  and 
6  qt.,  then  9  bbl.  will  contain  !)  x  (2  bu.  3  pic.  G  qt.). 

AVe  write  the  multiplier  under  the  lowest  denomination  of 
the  multiplicand,  which  is  quarts  in  this  problem.     «  times 

10  qt.  equals  54  qt.  There  are  8  qt.  in  1 
bu.  pk.  qt.  pk.,  and  in  54  qt.  there  are  as  many  pecks 
2  3  *»  as  8  is  contained  times  in  54,  or  (J  pk.  and 
IJ  6  qt.  We  write  the  0  qt.  under  the  col- 
18  2  7  5  4  umn  of  quarts,  and  reserve  the  6  pk,  to 
_  a  6  1  6  add  to  the  product  of  the  pecks.  9  times 
3  pk.  equals  27  pk. ;  2?  pk.  plus  the  C  pk. 
reserved  equals  33  pk.  Since  there  are  4  pk.  in  1  bu.,  in  33 
pk.  there  are  as  many  bushels  as  4  is  contained  times  in  33, 
or  8  bu.  and  I  pk.  remaining.  We  write  the  1  pk,  under 
the  column  of  pecks,  and  reserve  the  S  bu.  for  the  product 
of  the  bushels.  8  times  2  bu.  plus  the  8  bu.  reserved  equals 
2G  bu.  Therefore,  we  find  that  9  bbL  contain  26  bu.  1  pk. 
tt  ql.  of  apples.     Ans. 

(128)     (?  T.  15cwt.  10.5  lb.)  X  1.7  =  ?    When  the  mul- 
^^plier  is  a.  decimal,  instead  of  multiplying  the  denominate 
^Knunbers  as  in  the  case  when  the  muIlipUer  is  a  whole  num- 
Bber,  it  is  much  easier  to  reduce  the  denominate  numbers  to 
the  lowest  denomination  given;  then,  multiply  that  result 
by  the  decimal,   and,   lastly,  reduce  the  product  to  higher 
denominations.      Although  the  correct  answer  can    be  ob- 
tained   by     working    examples    involving    decimals    in    the 
manner  as  in  the  last  example,  it  is  much  more  complicated 
lan  this  method.  7T.  15  cwt.  lu.5  lb. 

X   J^ 

140     cwt. 

15 
15  6    cwL 
X         100 
15  5  0  0     lb. 

10.5 
155  1  11.5  lb. 
IS.SIO.9  lb.  X  l.T  =  26.307.85  lb. 
Vllt.—S 
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There  are  100  lb.  in  1  cwt.,  and  in  26,367.85  lb.  there  are 
as  many  cwt.  as  100  is  contained  times  in  26,367.85,  which 

equals  263  cwt.  and  67. 85  lb. 

100 )  2  6  3  6  7. 8  5  lb.  remaining.      Since   we   have 

20 )  2  6  3  cwt7+  67.85  lb.  the   number  of    pounds   for 

1  3  T.  -f-  3  cwt.  our  answer,   we   reduce   263 

cwt.  to  higher  denominations. 
There  are  20  cwt.  in  1  ton,  and  in  263  cwt.  there  are  as 
many  tons  as  20  is  contained  times  in  263,  or  13  tons  and  3 
cwt.  remaining.  Since  we  cannot  reduce  13  tons  any 
higher,  our  answer  is  13  T.  3  cwt.  67.85  lb.  Or,  since  .85 
lb.  =  .85  lb.  X  16  =  13.6  oz.,  the  answer  may  be  written 
13  T.  3  cwt.  67  lb.  13.6  oz. 

( 1  29)     7  )  358  A.     57  sq.  rd.     6  sq.  yd.     2  sq.  ft. 

51  A.     31  sq.  rd.     0  sq.  yd.     8  sq.  ft.   Ans. 

We  begin  with  the  highest  denomination,  and  divide  each 
term  in  succession  by  7. 

7  is  contained  in  358  A.  51  times  and  1  A.  remaining. 
We  write  the  51  A.  under  the  358  A.  and  reduce  the  remain- 
ing 1  A.  to  square  rods  =  160  sq.  rd. ;  160  sq.  rd.  -|-  the  57 
sq.  rd.  in  the  dividend  =  217  sq.  rd.  7  is  contained  in  217 
sq.  rd.  31  limes  and  0  sq.  rd.  remaining.  7  is  not  contained 
in  6  sq.  yd.,  so  we  write  0  under  the  sq.  yd.  and  reduce 
6  sq.  yd.  to  square  feet.  9  sq.  ft.  X  6  =  54  sq.  ft.  54  sq.  ft. 
+  2  sq.  ft.  in  the  dividend  =  56  sq.  ft.  7  is  contained  in 
56  sq.  ft.  8  times.  We  write  8  under  the  2  sq.  ft.  in  the 
dividend. 

(130)       12  )  282  bu.         3  pk.         1  qt.         1  pt. 

23  bu.         2  pk.         2  qt.         ^  pt.     Ans. 

12  is  contained  in  282  bu.  23  times  and  6  bu.  remaining. 
We  write  23  bu.  under  the  282  bu.  in  the  dividend,  and 
reduce  the  remaining  (J  bu.  to  pecks  =  24  pk.  -f-  the  3  pk.  in. 
the  dividend  =  27  pk.  12  is  contained  in  27  pk.  2  times  and 
3  pk.  remaining.  We  write  2  pk.  under  the  3  pk.  in  the 
dividend,  and  reduce  the  remaining  3  pk.  to  quarts.  3  pk. 
=  24  qt.  ;  24  qt.  +  the  1  qt.  in  the  dividend  =  25  qt.  12  is 
contained  in  25  qt.  2  times  and  1  qt.  remaining.     We  write 
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3  qt.  under  the  1  qt.  in  the  dividend,  and  reduce  1  qt.  to 
pints  =  2  pt.  4-  the  1  pt.  in  the  dividend  =  3  pt.     3  -r-  12  = 

12  ^•■IP*- 

(131)  We  must  first  reduce  23  miles  to  feet  before  we 
can  divide  by  30  feet.  1  mi.  contains  5,280  ft.;  hence,  23 
mi.  contain  5,280  X  23  =  121,440  ft. 

121,440  ft.  -T-  30  ft.  =  4,048  rails  for  1  side  of  the  track. 
The  number  of  rails  for  2  sides  of  the  track  =  2  X  4,048, 
or  8,096  rails.     Ans. 

(132)  In  this  case  where  both  dividend  and  divisor  are 
compound,  reduce  each  to  the  lowest  denomination  men- 
tioned in  either  and  then  divide  as  in  simple  numbers. 


1  bu. 
X4 

1  pk. 

7qt. 

3  5  6  bu.  3  pk.  5  qt. 
X4 

4pk. 
+  1 

1  4  2  4  pk. 

+  3 

5  pk. 
X8 

1 4  2  7  pk. 
X8 

40qt. 

+  7 

1 1  4  1  G  qt. 

+  5 

4  7qt. 
47)11421( 

243 

11421  qt. 

94 

202 
188 

11,421  qt.—  47  qt.  =  243 boxes. 

Ans. 

141 

141 

(133)    We  must  first  reduce  10  square  miles  to  acres. 
In  1  sq.  mi.  there  are  640  A.,  and  in  10  sq.  mi.  there  are 
16  X  640  A.  =  10,240  A. 

62)  10240A. 

165  A.  25sq.rd.  24sq.yd.  3sq.ft.  80+sq.  in.    Ans. 
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62  is  contained  in  10,240  A.  1G5  times  and  10  A.  remain- 
ing.  We  write  165  A.  under  the  10,240  A.  in  the  dividend 
and  reduce  10  A.  to  sq.  rd.  In  1  A.  there  are  160  sq.  rd., 
and  in  10  A.  there  are  10  X  160  =  1,600  sq.  rd.  62  is  con- 
tained in  1,600  sq.  rd.  25  times  and  50  sq.  rd.  remaining. 
We  write  25  sq.  rd.  in  the  quotient  and  reduce  50  sq.  rd.  to 

sq.  yd.     In  1  sq.  rd.  there  are  30 j  sq.  yd.,  and  in  50  sq.  rd. 

there  are  50  times  30-  sq.  yd.  =  l,512;r-  sq.  yd.     62   is   con- 

4  2 

tained  in  1,512-  sq.  yd.  24  times  and  24-  sq.  yd.  remaining. 

In  1  sq.  yd.  there  are  9  sq.  ft.,  and  in  24^  sq.  yd.   there  are 

2 

24-  X  9  =  220-  sq.  ft.    62  is  contained  in  220^  sq.ft.  3  times 

and  34-  sq.  ft.  remaining.     We  write  3  sq.  ft.  in  the  quo- 
2 

tient  and  reduce  34—  sq.  ft.  to  sq.  in.     in  1  sq.  ft.  there  are 

144  sq.  in.,  and  in  34-  sq.  ft.  there  are  34^  X  144  =  4,968 

sq.  in.  62  is  contained  in  4,968  sq.  in.  80  times  and  8  sq.  in. 
remaining. 

We  write  80  sq.  in.  in  the  quotient. 

It  should  be  borne  in  mind  that  it  is  only  for  the  purpose 
of  illustrating  the  method  that  this  problem  is  carried  out 
to  square  inches.  It  is  not  customary  to  reduce  any  lower 
than  square  rods  in  calculating  the  area  of  a  farm. 

(134)  To  square  a  number,  we  must  multiply  the 
number  by  itself  once,  that  is,  use  the  number  twice  as  a 
factor.  Thus,  the  second  power  of  108  is  108  X  108  =  11,664. 
Ans. 

108 

108 


864 
108 

11664 
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[135)  181.25  The  third    power    of    181.25 

1  8  1.2  5  equals  the  number  obtained  by 

g  Qg  „  I,  using  181.25  as  a  factor  three 

,  g  2  E  0  times.   Thus,  the  third  power  of 

181.25      is     181.25  X  181.25  X 
181.25  =  5,954,345. 703125.  Ans. 


1  8125 

145  00  0 

J8I25  Since   there    are    2    decimal 

places  in  the  multiplier,  and  2 
in  the  multiplicand,  there  are  2 
+  2  =  4  decimal  places  in  the 


328  51.5tl  25 
1  8  1.2  5 


1642  57  8125  first  product. 

G  5  7  0  3  1  2  5  0 
32851 5«25 


B 6 28125000 


19327 
5522 


Since  there  are  4  decimal 
places  in  the  multiplicand,  and 
3  in  the  multiplier,  there  are  4 

8285156  25  +2  =  0  decimal  places  in  the 

P95434  5.70  31  2  5  final  product. 

(136)  27.e  1  The  fourth  power  of  27.61  is 

the  number  obtained  by  using 
27.fil  as  a  factor  four  times. 
Thus,  the  fourth  power  of  27.61 
is  27.01  X  27.(51  X  27.01  X 
27.01^581,110,73780041.  Ans. 
Since  there  are  2  decimal 
places  in  the  multiplier  and  3 
in  the  multiplicand,  there  are  2 
+  2  =  4  decimal  places  in  the 
first  product. 

Since  there  are  4  decimal 
places  in  the  multiplicand  and 
2  in  the  multiplier,  there  are  4 
+  2  =  0  decimal  places  in  the 
second  product. 

Since    there    are    6    decimal 

1S«284C3348C  i^,^  ,„  ,^„  „„„iplica„d  and 

:4733205  95  or  .,  ;„  (he  „„,|tiplier,  there  are  6 

""""'""  +2  =  8  dectaal  places  in  the 

I8111».73  780041  final  product. 


7  6  2.3  I  2  I 

2  7.01 

7  623121 

4573873G 

63301847 

15240  2  42 

21047.43  7081 

2  7.81 

21047  43  70  81 
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( 1 37)     {a)  100'  =  100  X  100  =  11,230.     Ans. 

100 
100 


030 
1000 

112  3  0 
(b)     (l82^^   =  182^  X  182^=  33,109.515025.     Ans. 

\  o  /  o  o 

1  182.125 

-  =  S)U)00  182.126 

.12  5 Since    there    are    3 

9  10025         decimal  places   in    the 

multiplier  and  3  in  the 
multiplicand,  there  are 
3  +  3  =  0  decimal 
places  in  the  product. 


3  0  4  2  5  0 
18  212  5 
3  0  4  2  5  0 
1457000 
18  212  5 


3310  9.51502  5 

(c)     .005'  =  .005  X  .005  =  .000025.     Ans. 

QQ^  Since  there  are  3 decimal  places 

0  Q  g  in  the  multiplicand  and  3  in  the 

multiplier,    there    are    3  -f-  3  =  0 

.  0  0  0  0  2  5    Ans.         decimal  places  in  the  product. 

{d)     .0003'  =  .0003  X  .0003  =  .00003909.     Ans. 
.00  0  3 
.0  0  0  3  Since  there  are  4  decimal  places 

j~~T  in  the  multiplicand  and  4  in  the 

^     '  multiplier,    there   are   4+4  =  8 

decimal  places  in  the  product. 


.00003  90  9  Ans. 

(0     10.0()''  =  10.00  X  10.00  =  101.2030.     Ans. 
1  0. 0  0 

1 0.0  0  Since  there  are  2  decimal  places 

..  in  the  multiplicand  and  2  in  the 

^  r.r^f,  ./r.  multipHcr,    there   are   2  +  2  =  4 

decimal  places  in  the  product. 


10  1.2030 
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11138)     (a)     753'  =  ToJ  X  753  X  753  =  43G,!>57.: 


3  9  (i  n  0  r,  3 

43G967  7  77 
(*)  987.4'=  9S7.4X  987.4  X  987.4  =  0i;3,fi74,270.n34.   Ans. 


'J  8  7.4 
9S7,4 
3  i>  4  9  6 
69118 
78!)93 

8  8  8  li  6 

9  74  9  5  8.7  e 

9  8  7.4 


Since  there  is  1  decimal  place 
in  the  multiplicand  and  1  in  the 
multiplier,  there  arc  1  -|-  1  =  2 
decimal  places  in  the  first 
product. 


3  8  !i  U  8  3  5  0  4 
682471132 
7y99C7008 
774R2R84 


Since  there  are  3  decimal 
places  in  the  multiplicand  and 
one  in  the  multiplier,  there  are 
3+1  =  3  decimal  places  in  the 
final  product. 
n  fj  2  G  7  4  2  7  9.  ti  2  4 

(f)     .005'  =  .005  X  .005  X  .005  =  .000000125.      Ans. 

iSince  there  are  3  decimal  places  in  the  multiplicand  and 

the  multiplier,  there  are  3  +  3  =  fi  decimal  places  in  the 

first  product;  but,  as  there  are  only  3 

figures   in  the  product,  we  prefix  four 

ciphers  to  make  the  six  decimal  places. 

Since  there  are  six  decimal  places  in 
the   multiplicand   and   3   in  the  multi- 
plier, there  are  0  -|-  3  =  9  decimal  places 
in  the  final  product.     In  this  case  we 
rimal  places. 


.005 

.005 

,000  025 

.005 


100000135 

■ftx  six  ciphers  to  form  the 
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(d)  .4044"  =  .4044  X  .4044  X  .4044  =  .066135317184.    Ans. 

^Q^^  Since    there    are   4   decimal 

^  Q  ^  ^  places  in  the  multiplicand  and 

4  in  the  multiplier,  there  are 

1G176  4_^4_g  decimal  places  in  the 

^  ^  ^  ''  ^  first  product. 

^^^"^^  Since    there  are    8    decimal 


.1G35  303G  places  in  the  second   multipli- 

.4  0  44  cand  and  4  in  the  multiplier, 

054  1  5'^44  there  are    8  +  4  =  12    decimal 

G5415744  places  in  the  final  product ;  but, 

G54I57440  ^^  there  are  only  11  figures  in 

the  product,  we  prefix  1  cipher 


.0  G  G  I  3  5  3  1  7  1  8  4  ^^  ^^^^  ^^  decimal  plac^ 

(139)  2' =  2X2X2X2X2  =  32.     Ans. 

(140)  3*  =  3X  3X  3X  3  =  81.     Ans. 

(141)  (a)  G7.85'  =  67.85  X  67.85  =  4,603.6225.     Ans. 

G7.8  5 

^"•^^  Since    there    are    2  decimal 

3  3  0  2  5  places  in  the  multiplier  and  2 

54280  in  the  multiplicand,  there  are 

474  0  5  2  +  '^  =  ^  decimal  places  in  the 

40  710  product. 

4  G  0  3.  ()  2  2  5     Ans. 

{d)  967,845'  =  067,845  X  067,845  =  036,723,944,026.     Ans. 

067845 
067845 


4830226 
3871380 
7742760 
6774015 
5807070 
8710G05 

93G723044026 
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(c)  A  fraction  may  be  raised  to  any  power  by  raising  both 
numerator  and  denominator  to  the  required  term. 

/ru       /3V      3^3       3X3       9        . 

W(jy=jxi.  =  ^=l     Ans. 

(142)     («)  5"  =  5X5X6X5X  5X5X5X5X5X6  = 
9,765,625.     Ans. 

(*)  9' =  9X9X9X9X9  =  59,049.     Ans. 

5  9 

5  9 

25  sT 

5  9 


125  729 

5  9 


625  6561 

5  9 


3125  59049 

5 


15625 
b 

78125 
5 

390625 
5 

1953125 
5 

9765625 

(143)     (a)  1.2*  =  1.2  X  1.2  X  1.2  X  1.2  =  2.0736.      Ans. 

Since  there  is  1  decimal  place  in  the  multiplicand  and  1  in 
the  multiplier,  we  must  point  off  1  -f  1  =  2  decimal  places 
in  the  first  product. 
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Since  there  are  2  decimal  places  in  the  second  multipli- 
cand and  1  in  the  multiplier,  we  must  point  off  2  +  1  =  3 
decimal  places  in  the  second  product. 

Since  there  are  3  decimal  places  in  the  third  multiplicand 
and  I  in  the  multiplier,  we  must  point  off  3  +  1  =  4  decimal 
places  in  the  final  product. 

1.2 
1.2 

24 
1  2 


1.4  4 

1.2 

288 

144 

1.7  2  8 

1.2 

3  4  5  0 

172  8 

2.0  7  3  0 


(/;)  11*  =  11  X  11  X  11  X  11  X  11  X  11  =  1,771,561  Ans 

11 
11 


121 
11 


13  31 
11 

14  0  41 
11 

101051 
11 

17715G1 
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29 


.0001 


.ooooni 


f  ((■)  1'  =  1X1X1X1X1X1X1  =  1.      Ans.       . 
[  (rf)  .01'  =  .01  X  .01  X  .01  X  .01  =  .0(Mll)0001.      Ans. 

;  there  are  2  decimal  places  in  ihe  multiplicand  and 

Jin    the   multiplier,   we   must  point  off  2  +  2  =  4  ducimul 

places  in  the  first  product;  but,  as  there 

,1)1       is   only    1    figure    in    the    product,    we 

.01       prefi-x  3  ciphers  tu  make  the  i  necessary 

decimal  places. 

Since   there   arc  4  decimal   places  in 

the  second   multiplicand   and   2   in  the 

multiplier,  we  must  point  off  4  -|-  2  =  fl 

■01       decimal    places   in  the   second  product, 

.00000001       It    is   necessary   to    prefix    5    ciphers  to 

make  (J  decimal  places, 

'  Since  there  are  6  decimal  places  in  the  third  multiplicand 

"and  2  in  the  muliiplier,  we  must  point  off  0  -f  2  =  8  decimal 

places  in  the  product,     II  is  necessary  to  prefix  7  ciphers  to 

make  8  decimal  places  in  the  final  product. 

((■)  ,1'  =  ,!  X  .1  X  .1  X  .1  X  .1  =  ,00001.     Ans. 

Since  there  is  1  decimal  place  in  the  mtdtipUcand  and 

II  in  the  multiplier,   we  must  point  off  l  ^-  l  =  a  decimal 
I      .  places  in  the  first  product.     It  is  necessary  to 

I  -1      prefix  1  cipher  to  the  product. 

I  -i  Since   there   are   3  decimal   places   in  the 

I              .01       second  multiplicand  and  1  in  the  multiplier, 
I  1       we   must  point   off  3+1  =  3  decimal  places 

I           —  in   the    second   product.       It  is   necessary   to 

I  prefix  2  ciphers  to  the  second  product, 

I !_  Since   there   are   3   decimal   places   in  the 

I       ,00111       third  multiplicand  and  1  in  the  multiplier,  we 
I  I       must   point    off    3 -}- 1  =  4    decimal   places  in 

I    ,0  0  001       the  third  product.     It  is  necessary  to  prefix 
V  3  ciphers  to  this  product. 

Since  there  are  4  decimal  places  in  the  fourth  multi- 
plicand and  1  in  the  multiplier,  we  must  point  off  4  -|-  1 
^r  6  decimal  places  in  the  final  product.     Il  is  necessary  to 


i 


ifix  J  ciphers  to  this  product. 
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(144)  (a)  .0133"  =.0133  X.0133  X  .0133  =.000002362637. 

Ans. 

Since  there  are  4  decimal  places  in  the  multiplicand  and  4 
in   the   multiplier,  we   must   point   off    4  +  4=8   decimal 

places    in   the   product;    but,   as 

.0133  there   are   only  5   figures   in   the 

.0133  product,  we  prefix   three   ciphers 

3  9  9  to  form  the  eight  necessary  deci- 

3  9  9  mal  places  in  the  first  product. 

13  3  Since  there  are  8  decimal  places 

in  the  multiplicand  and  4  in  the 


.00017689  ....  ^       -   .    or  o  . 

multiplier,  we  must  pomt  off  8  + 

— ! 4  =  12  decimal  places  in  the  prod- 

5  3  0  6  7  uct ;    but,    as    there    are    only  7 

5  3  0  6  7  figures  in  the  product,  we  prefix 

17  6  8  9  5  ciphers  to  make  the   12  neces- 


.00000  2  352637  sary  decimal   places  in  the  final 

product. 

(*)  301.011"  =  301.011  X  301.011  X  301.011  = 

27, 273, 890. 942264331.  Ans. 


301.011 
301.011 


Since  there  are  3  decimal 

places   in    the    multiplicand 

3  0101  I       and  3  in  the  multiplier,  we 

3  01011  must    point    off    3  +  3  =  6 

3  010110  decimal   places  in   the    first 

9030330  product. 

90607.622121 

3  01.01 1  Since  there  are  6  decimal 

90607622121  places   in    the    multiplicand 

90607  6  22121  ^^^  3  in  the  multiplier,  we 

906076221210  must    point    off    6  +  3  =  9 

2718228663  6  30  decimal   places  in   the  final 


2727389  0.9  42  2  64331 


product. 
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ir\    AV-i  wi  ..  1  _^xixi_    1        . 

^"^^     \8;  "8  ^8  ^8  "8X8X8~  M2-     ^""^ 

(rf)  To  find  any  power  of  a  mixed  number,  first  reduce  it 
to  an  improper  fraction,  and  then  multiply  the  numerators 
together  for  the  numerator  of  the  answer,  and  multiply  the 
denominators  together  for  the  denominator  of  the  answer. 

/o3  V_  15  y  15  ^  15  _  15  X  15  X  15  _  3,375  _ 


Ans. 


3  _3x4  +  3_  12  +  3_15 


15  64)3375.000(52.784  + 

15  320 


75  175 

15  128 


225  470 

15  448 


1125  220 

225  192 


3375  280 

256 


24 


Since  three  ciphers  were  annexed  to  the  dividend,  three 
decimal  places  must  be  pointed  off  in  the  quotient.  It  is 
easy  to  see  that  the  next  figure  will  be  a  3 ;  hence,  write  the 
sig^  4~  f  ^s  shown. 

(145)  Evolution  is  the  reverse  of  involution.  In  invo- 
lution we  find  the  power  of  a  number  by  multiplying  the 
number  by  itself  one  or  more  times,  while  in  evolution  we 
find  the  number  or  root  which  was  multiplied  by  itself  one  or 
more  times  to  make  the  power. 
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(146)     (a)  1 

1_ 
2  0 

__8 

2  8 

8 


3G0 

G 

3  0  0 

ij_ 

3  7  20 

7 

3  72  7 

7 

3  7  3  4 


i/3'4  8'0  7'S4.4  0'10  =  18G7. 29  +     Ana 
1 

2  4  8 
2  2  4 


2  4  (>  7 
2  1  !)  0 


2  718  4 

2  G  0  8  0 


3734)  101>  5.0 0  0  (.21)3  or  .2!)  + 
74  G  8 

3  4  8  2  0 
3  3  ()  0  G 


•12  14  0 


Explanation'. — Applying  the  short  method  described  in 
Art.  272,  we  extract  the  root  by  the  regular  method  to 
four  figures,  since  there  are  six  figures  in  the  answer,  and 
G  -r-  2  +  1  =  4.  The  last  remainder  is  1(M)5,  and  the  last  trial 
divisor  (with  the  cipher  omitted)  is  3734.  Dividing  101)5  by 
3734,  as  shown,  the  quotient  is  .21K> -f- ,  or  .29  +  using  two 
figures.     Annexing  to  the  root,  gives  l,8G7.2l)  +  .     Ans. 


ARITHMETIC. 

|(»}    («)    3  V'S^) O'U Oil  11.4 U'U t)'0 0 ^  3000.0165  +  Ans. 

3     (*)    9 


((/)  GO  (c)        0 0 0 0  '.)  0  4 0  0  9 

0 

C  0  0  0  0  1 

600 

39400800 

0 

360001 50 

3400641 

6  0000 
0 

ttOUOOO 

1 

600001 

1 

6000020 

« 

euouoafi 

^tan 


Explanation. — Beginning  at  the  decimal  point  we  point 

llic  whole  nuiub(;r  into  periods  of  /it'n  figures  each,  pro- 

;ding  from  ri^Al  to  /f/( ,-  also,  point  ofE  the  decimal  into 

periods  of  two  figures  each,  proceeding  from  /f/f  to  right. 

The  largest  number  whose  square  is  contained  in  the  first 

period,  »,  is  'A;  hence,  3  is  the  first  figure  of  the  root.     Place 

:  ,it  the  left,  as  shown  at  (it),  and  multiply  it  by  the  first  fig- 

;ri.-  in  the  root,  or  3.     The  result  is  0.     Write  0  under  the 

[ji  >t  period.  9,  as  at  {t),  subtract,  and  there  is  no  remainder. 

Bring  down  the  next  period,  which  is  00,  as  shown  at  (r). 

Id  the  root  already  found  to  the  3  at  {{/),  obtaining  6,  and 

ine.t  a  cipher  to  this  0,  thns  making  it  60.  which  is  the  trial 

divisor,  as  shown  at  (rf).      Divide  the  dividend  (f)  by  the 

trial  divisor,  and  obtain  0  as  the  next  figure  in  the  root. 

Write  u  in  the  root,  as  shown,  and  also  add  it  to  the  trial 

divisor,  60,  and  annex  a  cipher,  thereby  making  the  next  trial 

ivisor  fi<Hi,     Bring  down  the  next  period,  00,  annex  it  to  the 

lyidend  already  obtained,  and  divide  it  by  the  trial  divisor. 

ia  contained  in  UOUU,  u  limes,  so  we  place  another  cipher 
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in  the  root.  Write  0  in  the  root,  as  shown,  and  also  add  i 
to  the  triai  divisor,  tjlX),  and  annex  a  cipher,  thereby  makin 
the  next  trial  divisor  6,000.  Bring  down  the  next  period,  9! 
The  trial  divisor  0,000  is  coniainetl  in  000099.  IJ  limes,  s 
place  0  as  the  next  figure  in  the  root,  as  shown,  and  alsi 
it  to  the  trial  divisor  6,000,  and  annex  a  cipher,  thereby  mafc 
ing  the  next  trial  divisor  60,000,  Bring  down  the  next  perio« 
40,  and  annex  it  to  the  dividend  already  obtained  to  foru 
the  new  dividend,  00009940,  and  divide  it  by  the  trial  divi 
60,000.  60,000  is  contained  in  00009940,  0  times,  so  we  plai 
another  cipher  in  the' root,  as  shown,  and  also  add  it  to  th 
trial  divisor  60,000,  and  annex  one  cipher,  thereby  makin 
the  next  trial  divisor  000,000.  Bring  down  the  next  perioi 
09,  and  annex  it  to  the  dividend  already  obtained  to  fon 
the  new  dividend,  0000994009,  and  divide  it  by  the  trial  d 
visor  600,000.  600,000  is  contained  in  00(Xt994009  o 
we  place  1  as  the  next  figure  in  the  root,  and  also  add  tt  t 
the  trial  divisor  600,000,  thereby  making  the  complete  diviso 
6(K),001.  Multiply  the  complete  divisor,  600,001.  by  1, 
sixth  figure  in  the  root,  and  subtract  the  result  obtaine 
from  the  dividend.  The  remainder  is  394,008,  to  which  ' 
annex  the  next  period,  00,  to  form  the  next  new  dividend,  i 
39,400,800.  Add  the  sixth  figure  of  the  root,  or  1,  to  th 
divisor  600,001,  and  annex  a  cipher,  thus  obtaining  6,000,03 
as  the  next  trial  divisor.  Dividing  39,400,800  by  6,000,02Q 
we  find  6  to  be  the  next  figure  of  the  root.  Adding  this  1: 
figure,  6,  to  the  trial  divisor,  we  obtain  (i,000,02ii  for  oui 
next  complete  divisor,  which,  multiplied  by  the  last  figur< 
the  r<K)t,  or  6,  gives  36,000,156,  which  write  under  39,400,8( 
and  subtract.  Since  there  is  a  remainder,  it  is  clearly  evj 
dent  that  the  given  power  is  not  a  perfect  square,  so  i 
place  4*  after  the  root.  Since  the  next  figure  is  5,  tl 
answer  is  3,000.017  — . 

In  this  problem  there  are  seven  periods — four  in  the  whoJ 
number  and  three  in  the  decimal— hence,  there  will  be  sei'e 
figures    in    the    root,  /nur    figures  constituting    the   whol 
number,  and  three  figures  the  decimal  of  the  root. 
V'G, 000, 099. 4009  =  3,000.017  -. 
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^^)  I  i/.0  0'12'2  5  =  .035.      Ansc 

1_  00 


60  1^ 

J  9 

65 


325 
32  5 

Pointings  off  periods,  we  find  that  the  first  period  is  com- 
posed of  ciphers;  hence,  the  first  figure  of  the  root  will  be  a 
cipher.  No  further  explanation  is  necessary,  since  this  prob- 
lem is  solved  in  a  manner  exactly  similar  to  the  problem 
solved  in  Art.  264*  Since  there  are  tAree  decimal  periods 
in  the  power,  there  will  be  three  decimal  figures  in  the  root. 

(147)    {a)         1  i/l'0  7'9  5.21  =  103.9    Ans. 

l_  1 

20  0795 

0  609 


200  18621 

3  18621 


203 
3 

2060 
9 

2069 


(*)  2  4/7'3  0'0  8.0  4  =  270.2      Ans. 

2  4 


4:0  330 

7  329 


^7  10804 

_l 10804 

6400 
2 


5402 


F.     ViiL 
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W  9  |/9  0.0  0'0  0'0  0  =  9.487- 

9  81  Ans. 


180 
4 

900 
736 

184 
4 

16400 
1  5104 

1880 
8 

1896  )  12  96.00  (.68  + or .7- 
11376 

1888 
8 

15840 
15168 

1896 
Having  found  the  first  three  figures,  we  find  the  fourth 
by  division,  as  shown. 

(d)     V^  =  .3.  Ans. 

(148)  (a) 

6       3  6         ^J".  3  2  7'6  8  O'O  0  0  =  .  6894  + 

6       7  2  216  Ans. 


12 


_A_      1504 
180 


10800         111680 

98432 


8 


188 


^*^^^^  13248000 

^^^^  12650769 


8     138  7200   1424163  )  5  9 7 23 1.00(.41+or.4-i. 

196       18441  5696652 


8     1405641 


2756580 


2040      18522  1424163 
?    14  2  416  3 


2049 
9 

2058 
9 


2067 

Here  we  find  the  first  three  figures  in  the  regular  way, 
and  the  fourth  figure  by  the  short  method.     See  Art.  284^ 
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Ciph 

m 

COI 


■  Explanation. — (1)  When  extracting  the  cufir  root  we 
divide  the  power  into  periods  of  three  figures  each.  Always 
begin  at  the  decimal  point,  and  proceed  to  the/c//  in  point- 
ing off  the  whole  number,  and  to  the  ri^&t  in  pointing  off 
the  decimal.  In  this  power  y'.3276S,  a  cipher  must  be 
annexed  to  68  to  complete  the  second  decimal  period. 
Cipher  periods  may  now  be  annexed  until  the  root  has  as 
tany  figures  as  desired. 

1(2)  We  find  by  trial  that  the  largest  number  whose  cube 
B  contained  in  the  first  period,  327,  is  6.  Write  6  as  the  first 
figure  of  the  root,  also  at  the  extreme  left  at  the  head  of 
column  (1).  Multiply  the  6  in  column  (1)  by  the  first  figure 
of  the  root,  C,  and  write  the  product  3G  at  the  head  of 
column  (i).  Multiply  the  number  in  column  (2)  by  the 
first  figure  of  the  root,  D,  and  write  the  product  21fi  under 
the  figures  in  the  first  period.     Subtract  and  bring  down 

Knext  period 680;  annex  it  to  the  remainder  111,  thereby 
aining  111,080  for  a  new  dividend.  Add  the  first  figure 
the  root,  fl,  to  the  number  in  column  (1),  obtaining 
which  we  call  the  ^rsl  correction ;  multiply  the  first 
rection  12  by  the  first  figure  of  the  root,  and  we  obtain 
as  the  product,  which,  added  to  30  of  column  (2),  gives 
108.  Annexing  two  ciphers  to  108,  we  have  10,800  for  the 
trial  divisor.  Dividing  the  dividend  by  the  trial  divisor,  we 
see  that  it  is  contained  about  8  times,  so  we  write  8  as  the 

K»nd  figure  of  the  root.  Add  the  first  figure  of  the  root 
the  first  correction,  and  we  obtain  IS  as  t'h.e  sfcond cor- 
lion.  To  this  annex  one  cipher,  and  add  the  second  figure 
■  >f  the  root,  and  we  obtain  188.  This,  multiplied  by  the  sec- 
ond figure  of  the  root,  8,  equals  1.504,  which,  added  to  the 
trial  divisor  10,800,  forms  the  compklc  divisor  12.304. 
Multiplying  the  complete  divisor  13,304  by  8,  the  second 
figure  of  the  root,  the  result  is  08,432.  Write  08,432  under 
the  dividend  111,680;  subtract,  and  there  is  a  remainder 
of  l."!,24K.  To  this  remainder  annex  the  next  period  000, 
thereby  obtaining  13,248.000  for  the  next  new  dividend. 
(3)  Adding  the  second  figure  of  the  root,  8,  to  the  num- 
in    column    (1),    ISS,    we    have    lUO    for    the  first  new 
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correction.  This,  multiplied  by  the  second  figure  of  the  root, 
8,  gives  1,668.  Adding  this  product  to  the  last  complete 
divisor,  and  annexing  two  ciphers,  gives  1,387,200  for  the 
next  trial  divisor.  Adding  the  second  figure  of  the  root,  8, 
to  the  first  new  correction,  196,  we  obtain  204  for  the  new 
second  correction.  Dividing  the  dividend  by  the  trial  divisor 
1,387,200,  we  see  that  it  is  contained  about  9  times.  Write 
9  as  the  third  figure  of  the  root.  Annex  one  cipher  to  the 
new  second  correction^  and  to  this  add  the  third  figure  of  the 
root,  9,  thereby  obtaining  2,049.  This,  multiplied  by  9,  the 
third  figure  of  the  root,  equals  18,441,  which,  added  to  the 
trial  divisor,  1,387,200,  forms  the  complete  divisor  1,405,641. 
Multiplying  the  complete  divisor  by  the  third  figure  of  the 
root,  9,  and  subtracting,  we  have  a  remainder  of  597,231. 
We  then  find  the  fourth  figure  by  division,  as  shown. 

{b)  4  16  f  74'088  =  42  Ans. 

4  3  2  6  4 

T  4800       10088 

4  244       10088 


120         5044 
2 


122 

(^r)   4        16         f^9  2'4 16  =  45.212—  Ans. 
4        3  2  6  4 


^        4800        28416 
:!_        625        27125 


120 

5 

125 


5425         1291000 
650         1220408 


5       607500   612912)70  5  9  2.000  (.115 


130         2704         612912 


1_      010204  930080 


1^50        2708  612912 

2 


J352      612912  3171680 

2  3064560 

IsTFi  107120 
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(^)  7  4  9  -^.373'248  =  .72     Ans. 

7  98  343 


14        14700       30248 
7  424       30248 


210       15124 
2 


212 


(149) 


1 
1 

1 
2 

800 
64 

364 

68 

43200 
1825 

-^2.000000000  =  1.259921+  Ans. 
1 

2 

1 

1000 
728 

30 
2 

272000 
225125 

32 
2 

46875000 
42491979 

34 
2 

45025 
1850 

4755243 ) 4  3 8  3  0  2 1.0  0  0  (.9217  or  .922— 
42797187 

360 
5 

4687500 
88881 

10330230 
9510486 

365 
5 

4721881 
33912 

8197440 
4755243 

S70 
6 

4755248 

84421970 

3750 
9 

3759 
9 

3768 

This  example  shows  what  a  great  saving  of  figures  is 
effected  by  using  the  short  method.  The  figures  ob- 
tained by  the  division  are  9217,  thus  making  the  last  figures 
of  the  answer  922,  according  to  Art.  272.  This  is  not 
correct  in  this  case;  the  true  answer  to  eight  decimal 
places  being   1.25992104 +  ;   hence,  the  first   three   figures 
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found  by  division  should  be  used  in  this  case.  The  reason 
for  the  apparent  failure  of  the  method  in  this  case  to  give 
the  seventh  figure  of  the  root  correctly  is  because  the  fifth 
figure  (the  first  obtained  by  division)  is  9.  Whenever  the 
first  figure  obtained  by  division  is  8  or  9,  it  is  better  to  carry 
the  root  process  one  place  further,  before  applying  Art. 
272,  if  it  is  desired  to  obtain  absolutely  correct  results. 

(150)     (a) 

^  1  V^r?  5  8.4 167  43  =12.07     Ans. 

12  1 

2  300  758 

1  64  728 


30  3  64                             30416743 

_^  ^8                             30416743 

3  2  43  2  0000 

2  25249 


34  4345249 

2 


3600 

7 

3607 


(*)  1  1  iJ'll  9  I'O  1  6  =  106     Ans 

12  1 


2  3  000  0  191016 

1  183  6  191016 


300  31836 

6 


306 


(0    l/l  =  4^  =  ^-=l.     An. 
32  8       >^8       2 

(^)f^=^=l     Ans. 
512       ^bVZ      8 


i 
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(151)  1      1  ^^3.00  00  0000  0=1.442250-  Ans. 

1      2  1 


2 

1 
30 


800         2000 
136         1744 


4  436  256000 

84  15^  241984 

__4  58800         14016000 

38  16^6         12458888 

_±_  60496  6238092  )1557112.000(.  2496  or  .  250  - 

420  1712  12476184 


4 


424 
4 


6220800         30949360 
8^44         24952368 


428    6229444  59969920 

4       QQ48  56142828 

4320   6238092  3827092 

2 

4322 

2 

4324 

(152)  ja)  (*) 

1       4/l'2  3.21  =  Jl.l  Ans.    1         4/ri4.9  2'10=  10.72  + 
1_       1 1  1  Ans. 

20  23  200  1492 
J:^         21 7          1449 

21  221 


207      4310 
JL_    ?A1  7      4284 


220  2140       26 


1 


221 


2 


2142 

(0    (^) 

7      i/5  0'2  6'8 1  =  709  Ans-   2         i/.00'0  4'12'0  9  =  .0203 
7         49 2 00  Ans. 

iTo         12681  400  04 

0         12681  3  4 


1400  403  1209 

9  1209 

1409 
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(153)    (a) 

1                 1  ^.0  0  6'6  00'000  =  .18663  —     Ans 

12  1 


2  300  5500 

1  304  4832 


30  604  668000 

8  368  602856 


3  8  9  7  200  103788  )  65144.00  (.627  or. 63- 

8  3276                         622728 

46  100476                           2871 20 

8  3312                           207576 


540        103788  79544 

6 

546 
6 

552 

(*)  . 

2                 4                      ^0  21'0OO'0  0O=.2769—  Ans. 
2  8  _8 

4       1200  13000 

2        4G0  11683 


CO     1CC9  1317000 

7      518  1113876 


0  7     218  7  0  0   226875 )  2  0  3  1  2  5.0  (  .89  or  .9- 
7        4075         1815000 


74     22  2  775  216250 

7        4100 


810    226876 
5 

815 
5 

8  20 
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2  4                         f^8'0  3  6'0  5  4'0  2  7  =  2,003  Ans. 

2  8                             8 

4  12000000       036054027 

2  18009        36054027 


6000   12018009 
3 

6003 

(d)  ^ 

1       1  ^.0  0  0'0  0  4'0  9  6  =  .016  Ans. 

1       2  000 


2       300  004 

1       216  1 


30      516  3096 

6  3096 


36 

2       4         i?'17.000'0  00  =  2.5713-  Ans. 
2       8  8 


4      1200         9000 
2       325         7625 


60     1525  1375000 

5      350         1349593 


6  5     187  5  00   198147  )  25  40  7.0  0  (.128  or. 18- 
5       5299         198147 


70     192799  559230 

5       5348  396294 


750    198147  162936 

7 

757 
7 

764 
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(154)     {a)  In  this  example  the  index  is  4,  and  equals 
2X2-      The  root  indicated  is  the  fourth  root,  hence  the 

square  root  must  be  extracted  twice.     Thus,  |/     =  ^     of 
the  /~  and  iJ^'oSGl  =  /v^561  =  i/81  =  9.     Ans. 

8  /GWr=  81  4/8T  =  9    Ans. 

8  64 


1  f>  0  1  G  1 

1  161 


161 


(d)  In  this  example  the  index  is  6,  and  6  equals  3  X  2  or 
2x3.  The  root  indicated  is  the  sixth  root;  hence,  extract 
both  the  square  and  cube  root,  it  making  no  particular  dif- 
ference as  to  which  root  is  extracted  first.     Thus, 

V     =  y~  of  the  V^",  or  \/     of  the  \/    . 
Hence,       VUT^)  =  VVU7M^  =  i^^  =  7.     Ans. 

3  i/11'7  0'4  9  =  343  i/343  =  7  Ans. 

—  ?_ 

60  ^ 

4  25  6 


<>  4  2  0  4  9 

*  2049 


680 
3 

683 


{c)     V.0(M)0(;4  =  V  fC()000(;4  =  .2.     Ans. 

>/.00006'4  =  .008.     i/.0U8  =  .2.     Hence,  V- 000064  =  .2. 

Ans 


§  2  ARITHMETIC.  45 


(^) 


y^  =  ?     -  =  .375,  since  8)3.000 
^  ^  .375 


7  49  v^.  3  7  5'0  0  O'O  0  0  =  .  72112+  Ans. 

7  98  343 

n  14700  32000 

7  424  30248 


210    15124  1752000 

2      428  1557361 


212    1555200    1559523  )  1  9 4  6  3  9.0  0  (.124  or  .12  + 
2        2161  1559523 


214    1557361  3868670 

2        2162  3119046 


2160   1559b23  749624 

1 


2161 
1 

2162 


Hence,  |^  =  .  72112  +.     Ans. 

o 

X     ,  X    i/l^      /i225         3  i/TW25'=  35 
(155)     {a)    r5476  =  7^W        3_  9 

60  325 

5  325 


65 


Hence,  i/||=g.     Ans.  7  i/5T76  =  74 


7  49 

iTo  576 

4  576 

144 
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(*)  ^ (c)         

5  i/.3  3'6  4=.58  3        .|/.  1 0'O  O'O  O'O  0  =.31623- 

5  2  5  Ans.     3  9  Ans. 


100  864  60  100 

8  864  1  61 


108  61  3900 

1  3756 


6  20  632)144.00(.227or.23- 

6  1264 

626  1760 

6  1264 

632  496 


(d)     25.  o|  =  25.075. 


5  /25.07'50'00'00'00  =  5.00749  + 

5  2  5  Ans. 


10000  075000 

7  70049 


10007  495100 

7  .400576 


100140  9452400 

4  9013401 

100144  438999 

4_ 

1001480 

9 

1001489 

{e)   .000^  =  .0004444444+. 
9 


2  |/.00'04'44'44'44=:  .02108  + 

2_  00 *  Ans 

40  04 

1  4 


41  44 

1  41 


4200  34444 

8  33664 

4208  780 


§2   •  ARITHMETIC.  47 

(156)  (a)  ^  =  /^. 

1  4/2.0  O'OO'OO'OO  =  1. 41421356  + 

1  1 


20       100 
4         96 


24  400 

4  281 


280         11900 
1         11296 


281  60400 

1  56564 


2  8  20  28284)  38  3  6.0  0  00  (  .13562  or  .1366  + 

4  28284 

2824  100760 

4  84852 


28280  159080 

2  141420 


28282  176600 

2  169704 

28284  6896 


1  i/l.4r42l3'5  6  =  1. 1892  +  Ans. 

L  1 

20  —41 

1  21 


21  2042 

1  1824 


220  21813 

B  21321 

228  49256          ^^is required  in  this prob- 

B  47  5  6  4       ^^"^   ^^  extract  the  fourth 

2  3  60  1692       root   of  2   to  four   decimal 

9  places;  hence,  we  must  ex- 

2  3  6  9  tract  the  square  root  twice, 

9  since  ^     =  4/     of  the  4/    . 

23  7  80  In  the  first  operation  we  carry  the  root  to  8 

2  decimal  places,  in  order  to  carry  the  root  in  the 

237  8  2  second  operation  to  4  decimal  places. 


48  ARITHMETIC.  §  2 

(b)  H  =  VW 

2        i/G.OO'00'0  0'0  0'0  0  =  2. 4494897428  + 
2  4 


40        200 
4        176 


44  2400 

4  19  3  0 


480  46400 

4         44001 


484  239900 

4  195936 


4880  439G400 

9  3919104 


4  8  8  9  489896  )477  2  9  6.00000(  .974280  or  .97428  + 

9  4409064 


48i)80  3638960 

4  3429272 


4  8  9  8  4  2  0  9  6  8  8  0 

4  195  9  584 


489880  1372960 

8  9  7  9  7  9  2 


4  89888  39  3  1680 

8  39 19168 


4  8  9  8  9  6  12  512 

It  is  required  in  this  problem  to  find  the  sixth  root  of  C; 
hence  it  is  necessary  to  extract  both  the  square  and  cube 
roots  in  succession,  since  the  index,  6,  equals  2x3  or 
3  X  2.  It  makes  no  particular  difference  as  to  which  root 
we  extract  first,  but  it  will  be  more  convenient  to  extract 
the  square  root  first.  The  result  has  been  carried  to  10 
decimal  places;  since  the  answer  requires  but  5  decimal 
places,  the  remaininjy  decimals  will  not  affect  the  cube  root 
in  the  fifth  decimal  place,  as  the  student  can  see  for  himself 
if  he  will  continue  the  operation. 


§  2  ARITHMETIC.  49 

1  1  f^2.4  4  9'48  9'7  4  2'8  00=  1.34801  - 

12  1  Ans. 


2       300         1449 
1        99         1197 


30      399  252489 

3      108  ;o09104 


33      60700         43385742 
3       1576         43352192 


36      52276      5451312  )  33  5  50.000  (  .006  or  .01- 
3       1592  32707872 


394  5419024 

4  3  2  2  8  8 


390  5386800  842128 

4  32224 


398  5451312 

4 

4020 
8 

4028 
8 

4036 

(157)     {a)    1  t/3.14'1 6  =1.7725-     Ans. 

1  1 


20  2  14 

7  189 


2  7  2  516 

7  242  9 


340  354)8  7.00  (.245+  or  ,25 

7  708 


347  1620 

7  1416 

354  204 


50 


ARITHMETIC.  §  ^ 


(*)  8  4/.7  8'6  4'00  =  .8862+     Ans. 

8  64 


160 

8 

168 


1454 
1344 


1760 


g  11000 

10596 


6  1772)  40  4.0  (.22  or  .2  + 


1766  3544 

6 


496 


1772 


(158)     {a) 


1  1  ^3.14r600'000=  1.4646  - 
12  1  Ans 

2  300  2  141 
1                 136  1744 


30  436  397600 

4  152  368136 


34  58800  29464000 

4  2556  25649344 


38  61356  6429888  )  38 1 4656.0  (  .59or.6- 

4  2592  32149440 


420  6394800  5997120 

6  17536 


426  6412  336 

6  17552 


432  6429888 

6 


4380 
4 

4384 
4 

4388 


§  2  ARITHMETIC.  51 

(*) 

•8  64  -^.6  2  3'6  00'0  0  0=.80599  +  or.8060- 

8  128  512   ■                                          Ans. 

IG  1920000  11600000 

8       12025  9660125 


2400  1932025  1944075)1  9  3 9 875.00  (  .99 
5    12050       17496675 


2405  1944075         1902075 
5 


2410 


(159)     11.7  :  13:: 20  :  x.  The  product  of  the  means 

11.7^=13X20  equals    the    product    of   the 

11. 7  ;r  =  260  extremes. 


260 


1L7)  260.000  (  22.22+     Ans. 
234 


260 
234 


260 
234 


260 
234 


26 


(160)    {a)  20  +  7  :  10  +  8::3  :  x. 

27  :  18::3  :  ^ 
27;r=  18  X  3 
27x  =  54 

54      o       A 
JT  =  ^  =  2.     Ana. 

(*)  12"  :  100'::  4  :  x. 
144  :  10,000::  4  :  x 
144jr=  10,000  X  4     ' 
144  Jr=  40,000 


62  ARITHMETIC.  §  2 

_  40,000 
^""    144)40000.0(277.7+     Ans. 

288 


1120 
1008 
1120 
1008 


1120 

1008 

112 

4        7 
(161)    (^)  -  =  ^,  is  equivalent  to  4  :  x::7  :  21.     The 

product  of  the  means  equals  the  product  of  the  extremes. 

Hence, 

7;r  =  4x  21 

7;r  =  84 
;r  =  —  or  12.     Ans. 
{6)     In  like  manner, 

^  =  r-;  is  equivalent  to  ;r  :  24::8  :  10. 

16;r=:  24  X  8 
16:r=102 

X  =  — -  =  12.     Ans. 

lb 

2         X 
(c)     —  =  — r-  is  equivalent  to  2  :  10::-r  :  100. 

10^  =  2  X  100 
10  ;r  =  200 

X  =  -—  =  20.     Ans. 

...  15      CO .  •     1     ^  ,        /  \  1^^         -^    '  •     1     .  * 

(a)  7T  =  —  IS  equivalent  to      (n  -—  =  — -—  is  equivalent  to 
^    ^  4b       X         ^  ^  ^  150      COO 

15  :  45 ::  CO  :  x.  10  :  150  ::  x  :  600. 

15  X  =  45  X  CO  150  r  =  10  X  600 

.15^  =  2,700  150j:  =  6,000 

2,700      ^^.^  6,000       ,,      . 

X  =  -^-  =  1 80.  X  =    '   ,,    =  40.    Ans 
15                  .  loU 

Ans. 


§  2  ARITHMETIC.  53 

(162)  .r  :  5  ::  27  :  12.5.      (163)     45  :  GO  ::  ;r  :  24 

5  60;r=  45X24 


12.5)135.0(10^  Ans. 
125           ^ 

QOx=  1,080 

.-^•7 -18.  Ans 

100      4 

60 

125      5 

(164)  ^:  35  ::  4:  7.          (165) 

9  :  .r  ::  6  :  24. 

7jr=35X  4 

6;r=9  X  24 

7;r=140 

6x=216 

140 
X  —  —=-  ~"  20.     Ans. 

X  —  — r-  ~  36.      Ans. 
6 

(166) 

f  1,000  :  f  1,331  ::  27  :  x. 

t^l,000  =  10. 

10  :  11::  27  :  x. 

i!^l,331  =  11. 

10  ;r  =  297.                     1 

1                     1'331(11 

^^7       ^^  ^        1 
X  —          —29.7.       — 

2                     1 

.2 

Ans. 

300                  331 
31                  331 

3  0 

331 

1 

31 

(167)  64  :  81  =  21' :  ,r'. 

Extracting  the  square  root  of  each  term  of  any  proportion 
does  not  change  its  value,  so  we  find  that  j/oi  :  |/^  = 
f^2T*  :  4/1?  is  the  same  as 

8  :  9  =  21  :  ^ 

8^=  189 
,r=  23.025.     Ans. 

(168)  7+8:7  =  3()  :  x  is  equivalent  to 

15  :  7  =  30  :  x. 
15;r=  7  X  30 
15^-=  210 

X  =     -—  =  14.     Ans. 
15 


54  ARITHMETIC.  §  2 

(169)  2  ft.  6  in.  =  29  in. ;  2  ft.  7  in.  =  31  in.  Stating 
as  a  direct  proportion,  29  :  31  =  2,480  :  x.  Now,  it  is  easy 
to  see  that  x  will  be  greater  than  2,480.  But  x  should  be 
less  than  2,480,  since,  when  a  man  lengthens  his  steps,  the 
number  of  steps  required  for  the  same  distance  is  less: 
hence,  the  proportion  is  an  inverse  one,  and 

29  :  31  =  X  :  2,480, 
or,        31  ;r  =  71,920; 
whence,   jt  =  71,920 -r- 31  =  2,320  steps.     Ans. 

(170)  This  is   evidently   a   direct   proportion,      1   hi 
30  min.  =  96  min. ;  15  hr.  =  900  min.     Hence, 

96  :  900  =  12  :  x, 
or,  96;r=  10,800; 

whence,      x  =  10,800  ~  96  =  112.5  mi.     Ans. 

(171)  This  is  also  a  direct  proportion ;  hence, 

27.63  :  29.4  =  .76  :  x, 
or,  27. 63  .r  =  29. 4  X  .  76  =  22. 344 ; 

whence,  x  =  22. 344  -j-  27. 63  =  .  808  +  lb.     Ans. 

(172)  2  gal.  3  qt.  1  pt.  =  23  pt. ;  5  gal.  3  qt.  =  46  pi 

Hence, 

23  :  46  =  5  :  ^, 

or,         23  4:=  46  X  5  =  230; 

whence,    x  =  230  -f-  23  =  10  days.     Ans. 

(173)  First  cause,  5  men  and  8  hours;  second  cause, 
X  men,  10  hours.  The  effect  is  the  amount  of  work,  which 
is  the  same  in  each  case. 


4 


=  work 


work 


X  =  4:  men.     Ans. 


I« 
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55 


(174) 


'29 


40 


'2» 


Taking  the  times  as  the  causes, 
14 

pM  ^;  hence,  3x  =  3  X  14  =  28,  or  jr  =  9J  hr. 


(175) 
or 
or 

hence, 
(176) 

hence, 

(177) 
or 
or 

hence, 


10, 000* 
1 


X  = 


20,000«  =  8  :  jr; 

2*       =  8  :  x; 

4        =8:  J-; 
4X8 


=  32  pounds.     Ans. 


10    .     8 
320  '  600 

8  X  600  X  400 


X  = 


=  400  :  x; 

=  600  hoists.     Ans. 


20,000* 
2' 
8 


10  X  320 

30,000' =16  :x; 

3*      =16:;r; 

27      =  16  :  x; 


27  X  16       ^,  ,  A 

X  =  — Q —  =  54  horsepower.     Ans. 

o 


FORMULAS. 


(178)  Substituting  for  /?,  x^  By  and  /  their  values, 

r  -  -P"-^  -  120  ~  12  __  108  _ 

^""  B+t  ~  10  +  3.6""  13.5""^-  • 

A  line  between  two  numbers  signifies  that  the  one  above 
the  line,  or  numerator,  is  to  be  divided  by  the  one  below 
the  line,  or  denominator. 

(179)  Substituting  for  Ay  //,  J),  and  x  their  values, 

A  h  +  D  _  (5  X  200)  +  120  __  1,000  +  120  _  1,120  _ 
2  .r  +  G   ""     (2  X  12)  +  G     "       24  +  G       "     30     ""  '    * 
37i  +  Z>  =  37*  +  120  =  ]  57*.     Ans. 

When  there  is  no  sign  between  the  letters,  multiplication 
is  understood. 

(180)  Substituting  for  By  A,  Ay  Xy  and  /  their  values 
3.246  X  Bx  /i       3.24G  X  10  X  200        G,402 


r  = 


Ax  +  A  .   (5  X  12)  +  200  2G0 


Ai-'B  (ox  3.5) -10  7.5 

2fi0  7  ^ 

6,492  -f-  ^  =  G,492  X  ^  =  187.269  +.     Ans. 

(181)     Substituting  for  Ay  Dy  /,  and  B  their  values, 

—  i/     AD   '  _  J        5  xT20  _  ./"goo  _ 

^""^  /i^+  1.5~  ^    (3.5  X  10)  +  1.5  ~  ^    3G.5"" 
i^f  6^4383  =  4. 05  + .     Ans. 
§3 


2  FORMULAS.  §  3 

The  square  root  sign  extends  over  both  numerator  and 
denominator,  thus  indicating  that  the  square  root  of  the 
entire  fraction  is  to  be  extracted. 

(182)     Substituting  for  B^  x,  A,  and  A  their  values, 


»=f..„..ff..  ..=^/- 


10  X  12 


.00018//  {A^  -  x)       ^    .00018  X  200  X  (5*  -  12) 

y~  120  _//      120       _i/l20_ 

^  .036  X  (25  -  12)  ~  ^  .036  X  13  "  ''^  .468  "" 

i^256.41+  =  6.35+.     Ans. 

(183)  Substituting  for  //,  D,  and  A  their  values, 

^_  10  {A -Py  _  10  (200  ~  120)'  __  10  X  80* _  64,000  _  ,«  qaa 
i^D  +  A  4^120  +  5  (^l25  5  j^^^ 

(184)  Substituting  for  B,  A,  and  D  their  values, 

_{B^Ay--  Vn  +  A  _  (10  -  5)'  -  ^120  +  5  _ 
^  A'-{l  +  D)  5' -(1  +  120)        " 

5'-v1^  _  25-5  _  20  _  ^       . 
125-121"'~^-"T~^'     ^''^• 

(185)  Substituting  for  Ay  B,  and  h  their  values, 

^^.fATW  _  ./"5  X  10'    ^  ./5  X  100  _  w'^gOO  _ 
"      i/A~/i  "       f  5  X  200  ~"       v^M)00  ~        10  "" 

4/50  =  7.071+.     Ans. 

(186)  Substituting  for  A^  A,  /?,  .r,  and  B  their  values, 

A  +  J  (//'  -  ^)'       ^       200  +  ^  (5'  -  10)' 

./   25(490  +  400)     ^  ./  25  X  890"  ___  ./ 22,250  _ 
^  200  +  (Vu  X  225)       ^    200  +  22.5  ~  ^    222.6  "" 

i/lOO  =  10.     Ans. 


Geometry  and  Trigonometry. 


)     When  one  straight  line  meets  another  straight 
i  at  a    point    between    the  ends,    the  sum    of    the    two 
njacent  angles  equals  two  right  angles.      Therefore,  since 

e  of  the  angles  equals  — of  aright  angle,  then,  the  other 
c  equajs  — ,  or  two  right  angles,  minus —,  We  have, 
,  -r —  r-=  ^.  or  Iv  right  angles. 

.  (274)     The  size  of  one  angle  is^of  two  right  angles,  or 

fcof  a  right  angle. 

l(27S)  The  pitch  being  4,  the  number  of  teeth  in  the 
■heel  equals  i  x  13,  or  48.  The  angle  formed  by  drawing 
lines  from  the  center  to  the  middle  points  of  two  adjacent 


teeth  equals—  of  4  right  angles,  or  — -  of  a  right  angle. 

(270)  It  is  an  isosceles  triangle,  since  the  sides  npjxisite 
equal  angles  are  equal. 

(277)  An  equilateral  heptagon  has  seven  equal  sides; 
therefore,  the  length  of  the  perimeter  equals  7  X  3,  or  31 
inches. 

^278)     A  regular  decagon  has  10  equal  sides;  therefore, 

40 
length  of  one  side  equals  —    or  4  inches. 

(279)  The  sura  of  aH  the  interior  angles  of  any  polygon 
equals  two  right  angles,  multiplied  by  the  number  of  sides 


^F" 


incr 

t 


2  GEOMETRY  AND  TRIGONOMETRY.  §  4 

in  the  polygon,  less  two.  As  a  regular  dodecagon  has  12 
equal  sides,  the  sum  of  the  interior  angles  equals  two  right 
angles  x  10  (  =  12  —  2),  or  20  right  angles.     Since  there  are 

12  equal  angles,  the  size  of  any  one  of  them  equals  M  -4-  12, 

2 

or  1—  right  angles. 

o 

(280)  Equilateral  triangle. 

(281)  No,  since  the  sum  of  the  two  smaller  sides  is  not 
greater  than  the  third  side. 

(282)  No,  since  the  sum  of  the  three  smaller  sides  is  not 
greater  than  the  fourth  side. 

Jjf  (283)     Since  the   two  angles  A    and  C, 

Fig.  1,  are  equal,  the  triangle  is  isosceles,  and  a 
line  drawn  from  the  vertex  B  will  bisect  the  line 
A  Cy  the  length  of  which  is  7  inches;  therefore, 

AD=DC=\  =  3l^  in.     Ans. 

2  2 


(284)  The  length  of  the  line  =  |/l2"  -  9*  +  i/l5'-  9', 
or  19.04  inches. 

g 

(285)  The  sum  of  the  three  angles  is  equal  to  j,  or  2 

right  angles;  therefore,  since  the  sum  of  two  of  them  equals 

ff  Q  e  o 

—  of  a  right  angle,  the  third  angle  must  equal  j  —  t>  ^"^  j  ^^ 

^  4       4         4 

a  right  angle. 

(286)  One  of  the  angles  of  an  equiangular  octagon  is 

equal  to  -  of  12  right  angles,  or  1  —  right  angles,   since  the 

sum  of  the  interior  angles  of  the  equiangular  octagon  equals 
12  right  angles. 

(287)  The  sum  of  the  acute  angles  of  a  right-angled 

triangle  equals  one  right  angle;  therefore,  if  one  of  them 

5  '853 

equals  —  of  a  right  angle,  the  other  equals  ^  —  5-,  or  —  of  a 

right  angle. 


§4 


GEOMETRY  AND  TRIGONOMETRY. 


(288)  (See  Art.  734.) 

(289)  In  Fig.  2,  A  B  =  4:  inches,  and  AO  =  G  inches. 
We  first  find  the  length  o(  D O.     DO^  VOA^-lTZ^;  but 

(JA^=G\  or  36,  and  DA~'  =  (^Y  or  4;  ^   ^ 

therefore,  D0  =  i^'M)  -  4,  or  5.657. 

DC=  CO-D  0,ox  DC-^-  5.657,  or 
.343  inch.  In  the  right-angled  triangle 
ADC,  we  have  A  C,  which  is  the  chord  of 
one-half  the  arc  A  CB,  equals  4/2'  -f-  .  343', 
or  2.03  inches.  fig.  s. 

(290)  The  method  of  solving  this  is  similar  to  the  last 
problem. 

Z>(9  =  v^sm,  or  2.236.     />r  =  3  -  2.236  =  .764. 
A  C=/2'  +  .76?,  or  2.14  inches. 

(291)  Let  HK  oi  Fig.   3  be  the   section;   then,   B 1 
=  2  inches,  and  HK=(S  inches,   to  find  A  B.     H/  (=3 

C^ s^jT         inches)    being    a    mean    proportional 

between  the  segments  A  I  and  IB,  we 

have 
\B  BI'.HIwHI'.IA, 

or    2  :    3    ::    3  :  I  A. 


PIO.  s. 


Therefore,     I A  =  4^. 


AB  =  AI+/B;  therefore,  AB=  4^  +  2,  or  6^  inches. 

(292)     Given    O  C  =  5^    inches,   and    O  A  =  ^,   or  8-^ 

inches,   to  find  AB  (see  Fig.    4).    CA, 
which  is  one-half  the  chord  A  B,  equals 

V'OA^-'OT'; 


therefore,     CA=  Vi^Y  -  (5f )\ 

or   6.26    inches.     Now,   A  />  =  2  x  CA\ 
therefore,  ^  i?  =  2  X  6.26,  or  12.52  inches. 


Fig  4. 


4  GEOMETRY  AND  TRIGONOMETRY.  §  4 

3 

(293)  The  arc  intercepted  equals  j  of  4,  or  3  quadrants. 

As  the  inscribed  angle  is  measured  by  one-half  the  intercepted 

3        1 
arc,  we  have  ^  =  1-  quadrants  as  the  size  of  the  angle. 

2  7 

(294)  Four    right    angles  -^  --  =  4  X  r-,    or   14    equal 

sectors. 

24 

(295)  Since  24  inches  equals  the  perimeter,  we  have  — -, 

or  3  inches,  as  the  length  of  each  side  or  chord. 


^ 


Then,     2  x  V  ( :r )  +  3.C2'  =  7.84  inches  diameter. 

(296)     Given,  AC=^  =  ^,  or  5.25  inches.     A  0 

and  A  P=  13  inches.     (See  Fig.  5.) 

The   required   distance   between   the  arcs  D  D'  is  equal 

to  OA  +  AP-OP.  In  the 
right-angled  triangle  A  C  O^  wt 
have 

OC^VAa-AT^^ 


or    C^C=|/1G9- 27.5625  =11.9 
Fig.  5.  inches. 


Likewise,  CP=  Va  P'  -  A  C'  =r  11.9.  OP=OC+CP 
=  11.0  +  11.0  =  23.8  inches.  O  A  +  A  P=  13  +  13  =  2Q 
inches.     2G  —  23.8  =  2.2  inches.     Ans. 

(297)  Given  AP='[3  inches,  OA=S  inches,  and 
A  C=  5.2o  inches.     Fig.  G. 

0C=  VaU'  -  AT'  =  |/8''-5.25' = 
6.03  inches. 

CP=  VaTF'  -  J  r^  =  11.0  inches. 

OP=OC'\'CP=  G.03  +  11.9  = 
17.93  inches.  P»o- «• 

DD'=  OA  +  AP-  (?P=  8  +  13  -  17.93  =  3.07  inches.  Ans. 

(298)  AB=  14  inches,  and  A /i  =  3^^  inches,  Fig.  7. 
C  E  =•  E  D  is  a  mean   proportional   between  the  segments 
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AEsindB  B,     Then, 

AE:  C£::CE:EB, 

or    ^^:  CE::C£:  10^, 

4  4 


or     C£'  =  87-  X  IOt  =  34.9375. 

4  4 

Extracting  the  square  root,  we  have 

CE=5,dl.  Fig.  7. 

%X  CE=  CD  =  2  X  5.91,  or  11.82  inches.     Ans. 

(299)  In   19°  19'  19*^   there   are   69,559   seconds,  and 

in  360°,  or  a  circle,  there  are  1,296,000  seconds.     There- 

69  559 
fore,   69,559   seconds  equal  '         ,   or   .053672   part   of 

1,^90,000 

a  circle.     Ans. 

(300)  In   an   angle   measuring   19°  19'  19*^  there   are 

69,559  seconds,  and  in  a  quadrant,  which  is  j  of  360°,  or 

90**,  there  are  324,000  seconds.     Therefore,  69,559  seconds 

69  559 
^^^^^  onl  nrxf\y  ^^  .214688  part  of  a  quadrant.     Ans. 
o24, 000 

OQ  1 

(301)  Given,    0B=  OA  =^,    or    11^    inches,    and 

angle  AOB=^  of  360°,  or  36°.     (See  Fig.  8.)     In  the 
right-angled  triangle  C  O  B^  we  have 

sin  COB  =  ^.  or  CB=OBx  sin  COB, 

Substituting  the  values  oi  O  B  and  sin 
CO B^  we  have 

CB=n\  X  sin  18°, 


pio.  a 


or     CB=n^  X  .30902  =  3.55. 

2  • 


Since  ABz=2 CB,  AB  =  2x  3.55  =  7.1  inches. 
The  perimeter  then  equals  10  X  7. 1  =  71  inches,  nearly. 
Ans. 
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(302)  90°  =  8D°     59'     (>()'' 

35°     24'     2o.S' 
54°     35'     34.2'     Ans. 


(303)  The    side    B  C  =  \^ A  B"  ^  A  C\    or    />'  C  = 
V^irTcO'  -  9775*  =  4/217.8730  =  14  ft.  9  in      To  find  the  angle 

B  A  C,  we  have  cos  B  A  C  ^  -j-py  <^>r  cos  B  A  C  =  t^>q  = 

.55116. 

.55110  equals  the  cos  of  50°  33'  12.5'! 

Angle  ABC=  90°  -  angle  BA  C,  or  90°  -  50°  33'  12.5'  - 
33°  20'  47.5'. 

(304)  159°     27'     34.6' 

25°     16'       8.7' 
3°     48'     53    ' 


188°     32'     36.3' 


(305)  Sin  17°  28'  =  .30015. 

Sin  17°  27'  =  .29987. 
.30015  -  .29987  =  .00028,  the  difference  for  V. 

.00028  X  ^,  =  .00017,  difference  for  37'. 
00 

.29987  +  .00017  =  .30004  =  sin  17°  27'  37'. 

Cos  17°  27' =  .95398. 
Cos  17°  28' =  .95389. 

.95398  —  .95389  =  .00009,  difference  for  1'. 

37 
.00009  X  — .  =  .000()(>,  difference  for  37'. 
00 

.95398  -  .0000(>  =  .05392  =  cos  17°  27'  37'. 

Tan  17°  28' =  .31406. 
Tan  17°  27' =  .31434. 

.31400  -  .31434  =  .00032,  difference  for  1'. 
.00032  X  ^  =  .00020,  difference  for  37'. 

31434  +  .0002  =  .31454  =  tan  17°  27'  37*. 

Sin    17^'  27'  37'=  .30004) 

Cos   17^  27'  37'  =  .95392  [  Ans.' 

Tan  17"  27'  37'  =  .31454) 
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(306)  From  the  vertex  B^  draw  B  D  perpendicular  to 
A  (7,  forming  the  right-angled  triangles  ^ /^ />  and  B  D  C, 
In  the  right-angled  triangle  A  D  B,  A  B  is  known,  and  also 
the  angle  A.  Hence,  B  D  =  26.583  X  sin  3G^  20'  43'  = 
20. 583  X .  50265  =  1 5. 754  feet.  AD=^  26. 583  X  cos  36''  20'  43'  = 
26.583  X  .80546  =  21.411.  A  C  -  A  D  =  \0  -  21.411  = 
18.589  feet  ^  DC.     In  the  right-angled  triangle  B  D  C\  the 

two  sides  BD  and  DC  are  known;  hence,  tan  C  =  ,Yr  = 

-^^    =  .84749,  and  angle  C=  40°  16'  52'.     Ans. 

,,^       BD  15.754  15.754       , .  .,^        ,..     ,.. 

/>  C  =  -T— -T^  =  ^ — rr.o-i.w  ro/r  =  -TTT-/-;  =  -•^-  '^7,  or  24  ft.  4.4  in. 
smC       sm40   16  52        .64654 

Ans. 

Angle  B  =  180°  -  (36°  20'  43'  +  40°  16'  52')  =  180°  -  76^ 

37'  35'  =  103°  22'  25'.     Ans. 

(307)  This  problem  is  solved  exactly  like  problem 
No.  305. 

Sin  of  63°  4'  5 1. 8'=  .89165. 
Cos  of  63°  4'  51.8'  =  .45273. 
Tan  of  63°  4'  51.8'  =  1.96949. 

(308)  .27038  =  sin  15°  41'  12.9'. 

.27038=  cos  74°  18'  47.1'. 

2.27038  =  tan  W  13'  43.2'. 

(309)  The  angle  formed  by  drawing  radii  to  the 
extremities  of  one  of  the  sides  equals  '- —  ,  or  32*^  43'  3S.2'. 
Ans.     The    length    of   one    side   of    the    iindecagon    equals 

— ,  or  4.6364  inches.     The  radius  of  the  circle  equals 


11 
^of  4.6364  2.31S2 


=  8.23  inches.     Ans. 


sin  of  \  (32^43'  38.2')       .28173 

(310)  If  one  of  the  aii*;lcs  is  twice  the  given  one,  then  it 
must  be  2  X  (47°  13'  29'),  or  94°  26'  ;}S\  Sincit  there  are 
two  right  angles,  or  ISiT,  in  the  three  angles  of  ;i  iriangle, 
the  third  angle  must  be  ISO  —  (4r  i:^'  29"  +  94 '  26'  :)8'),  or 
38°  19'  33'. 
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(311)  If  one  of  the  angles  is  one-half  as  large  as  the 
given  angle,  then  it  must  be  i-  of  75°  48'  17%  or  37°  54'  8.5'. 

St 

The  third  angle  equals  180"  -  (75°  48'  17'  +  37°  54'  8.5'),  or 
GC°  17'  34.5'. 

(312)  From  the  vertex  B^  draw  ^  Z>  perpendicular  to 
A  C,  forming  the  two  right-angled  triangles  A  D B and B DC, 
In  the  right-angled  triangle  A  D  B^  A  B  is  known,  and  also 
the  angle  A,      Hence,   B  Z>  =  sin  AxA  B=^sin  54°  54' 

54'  X  16^  =  .81830  X  10^  =  13.434  feet. 

Sine   of    angle    C=  -pr7^=    ['         =.99202,    and,    hence, 

angle  C  =  82°  45'  30'.     Ans. 

Angle  B  =  180°  -  (54°  54'  54'  +  82°  45'  30')  =  180  -  137° 
40'  24'  =  42°  19'  3(3'.     Ans. 

AI?  '•=ABx  cos  yi  =  IG-^j  X  cos  54°  54'  54'  =10^X 

1/w  1/0 

.57479  =  9.43()i:Ht. 

Cn  =  BC  X  cos   C  =  BC  X  cos  82°  45'  30'  =  13^  X 

24 

.12005=  1.70092  ft. 

AC=  An+  CD=  9.43013  +  1.70092  =  11.143  =  11  ft. 

1  -p  m.      Ans. 

4 

(313)  If  one-third  of  a  certain  angle  equals  14°  47'  10', 

then  the  angle  must  be  3  x  14°  47'  10',  or  44°  21'  30'.     2- 

X  44°  21'  30',  or  110^  53'  45',  equals  one  of  the  other  two 
angles.  The  third  angle  equals  180°  —  (110°  53'  45'  -f  44° 
21'  30'),  or  24°  44'  45'. 

(314)  (liven,  B  C  =  437  feet  and  AC=  792  feet,  to  find 
the  hypotenuse  yl  B  and  the  angles  A  and  B. 

A  B  =  VA"r'  +  B~C'  =  V7W+W^=  |/818,233=  904ft 

Oy  in.     Ans, 
4 
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.55177;   therefore,  .-I  =  3ti°  53'  13'.     Ans, 


|(31  S)    In  Fig.  9,  angle  AOB  =  ^ot 

=  ^  of  45',  or  22^-.    Side -45  = 

7  feet.     Now,  in  the 


45°.   Angle 


tBubstituting  their  values,  O  B  — 


^  of    5G    feet, 

triangle  m  O  S,  we  have  the  angle  w  O  B 

1°  7  1 

=  23  ^,  and  mB=  ~,  or  3-  feel,  given, 

I  find  O  B  and  the  angle  mBO. 
S\amOB='^,  ovOB  = 
I 


sin  33^°      .38208 


^Therefore, 


KB F,  the  diameter  of  the  circle,  equals  'iy,  BO;  therefore, 

'?=  a  X  9.14«  =  18.393  feet  =  18  feet  3|- inches. 

Angle  B  0  m  =  23*  30'. 
B  O  m-^0  B  m  =  00". 
O  B  M  =  00°  —  BOm  =  90'  —  23°  30'. 

=  G7°  30'. 
ABC^IO  Bm  =  1  {G7°  30')  =  135°. 

Ans. 

By  Art.  703«  the  sum  of  the  interior  angles  of  an  octagon 
is  3  (y  —  3)  =  13  right  angles.  Since  the  octagon  is  regular, 
the  interior  angles  are  equal,  and  since  there  are  eight  of 

I  em,  each  one  is  —  =  1—  right  angles.    1_—  X  00°  =  135°. 
(3 
67' 
Dtii 


[  (31B)     Lay  off  with  a  protractor  the  angle  A  O  (T  equal 

p  67"  8'  49',  Fig.  10.     Tangent  to  the  circle  at  A,  draw  the 

A  T.     Through  the  point  C,   draw  the  line  O   C,  and 

jntinue  it  until  it  intersects  the  line  A    Tat   T.     From  C 

F.    ritl.—s 
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§4 


Fig.  10. 


draw  the  lines  C  D  and  C  B  perpendicular,  respectively, 

T  to  the  radii  O  E  and  O  A.  C  B  is  the 
sine,  C  D  the  cosine,  and  A  T  the  tan- 
gent. 

(317)     Suppose  that  in  Fig.  10,  the 

line  A   T  has   been  drawn   equal  to  3 

times  the  radius  O  A.     From  T  draw 

T  0\   then,    the  tangent  oi    T  O   A 

T  A 
^  =  ~pr—.  =  3.     Where  T  O  cuts  the  circle 

A        O  A 

at  C,  draw  C  D  and  C  B  perpendicu- 
lar, respectively,  to  O  £  and  O  A. 
C  I?  is  the  cosine  and  C  B  the  sine. 
The  angle  corresponding  to  tan  3  is 
found  by  the  table  to  equal  71°  33'  54';  therefore,  sin 
71°  33'  54'  =  .94808  and  cos  71°  33'  54'  =  .31623. 

(318)  The  angle  whose  cos  is  .39278  =  06°  52'  20'. 

Sin   of  00°  52'  20'  =    .91963. 

Tan  of  00°  52'  20'  =    2.34132. 

3 
For  a  circle  with  a  diameter  4y  times  as  large,  the  values 

4 

of  the  above  cos,  sin,  and  tan  will  be 

.\ 

4^X    .39278=    1.80570  COS. 
4 

4^X    .91903=    4.30824  sin.  i^Ans. 
4 

4^  X  2.34132  =  11.12127  tan. 

(319)  See    Fig.    11.      Angle    B   =  180°   -    (29°    21' 
+  70°  44'  18")  =  180°  -  100°  5'  18'  =  73°  54'  42'. 

From  C,  draw  C  D  perpen- 
dicular to  A  B. 

A  D  =  A  C  cos  A  =  31.833 
X  cos  29°  21'  =  31.833  X  .87104 
=  27.747  ft.  CD  =  A  C  sin  A 
=  31.833  X  sin  29°  21'  =  31.833 
X.  49014  =  15. 003.  pio.il 
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sin  5      sin  73- 54' 42' 
,_    DC  _    __15.C03        _ 
~  tan  tf  "  tan  73"  54'  42'  " 


-  1G.24  feet=  KJ  ft.  3  in 


4.5  feet. 
1.5  =  32.247 


32  ft.  3  in. 

iAB~  32  ft.  3  ia 

,ns.  J  BC—  1«  ft.  3  in. 

(      5  =  73°  54' 42'. 

(320)     In  Fig.  8,  problem  301,  A  B  is   the  side  of  a 

regular  decagon;  then,  the  angle  CO  B  =  —■  ot  3(tO°,  or  18°. 

To  find  the  side  CB,veh^veCB=  OB  x  slnlS'.oT  CB  = 
9,75  X  .30902  =  3.013  inches.  Since  AB  =  iix  CB,AB  = 
2  X  3.1)13,  or  G.USG  inches,  which  multiplied  by  10,  the 
number  of  sides,  equals  00.21!  inches.     Ans. 

k(321)     Perimeter  of  circle  equals  2  X  375  X  3.1416,  or 
.20  inches.     Gl-26  —  00.20  =  1  inch,  the  difference  in  their 
perimeters.     Ans. 

In  order  to  find  the  area  of  the  decagon,  we  must  first 
find  the   length  of  the  perpendicular  C  O   (see  Fig.  8  in 
r  to  question  301) ;  C  O  =  O  B  X  coslW,ot  C  O  =  !».75 

.95100  =  9.273.     Area   of   triangle  A    O  .5=  |x  9-273 

\  6.020,  or  27.939,  which   multiplied  by  10,  the  number  of 

(angles  in  the  decagon,  equals  279.39  square  inches.    Area 

jtthe  circle  =  3.  UIG  X  9.75  X  9.75,  or  298, 05  square  inches. 

S98.65  —  279  39  =  19.20  square  inches  difference.     Ans. 

(322)     The    diameter   of    the  circle  equals   ^^^  = 
.13.8528.  or  I0.C7  inches.     Ans. 
'he  circumference  equals  10,07  X  3.141i),  or  33.52  inches. 

In  a  regular  hexagon  inscribed  in  a  circle,  each  side  is 
equal  to  the  radius  of  the  circle;  therefore,  — - — =  5.335 
rbes  is  the  length  of  a  side.     Ans. 


^■bcbes  is  the  U 
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8^ 


(323)     Angle  mOB=^oi  360*^,  or  22^ •     w  (9  =  i  of 

-  lb  /6  » 

i«  «  =  -.  of  2,  or  1  inch.     (See  Fig.  12). 

1° 
Side  fnB=  Omx  tan  22-  ,  or  mB  = 

1  X  .41421  =  .41421. 

AB=2mB;  therefore, AB=z. 82842 
inch. 

Area  of    A  O  B  z=\  X  .82842  X  1  = 


.41421   square  inch,  which,  multiplied 
by   8,  the  number  of  equal  triangles. 


E 

Fig.  12. 

equals  3.31368  square  inches. 

Wt.  of  bar  equals  3.31368  X  10  X  12  X  .282,  or  112  pounds 
2  ounces.     Ans. 


(324)     16  X  16  X  16  X  g-  X    3.1416  =  2,144.66   cu.    in. 

equals  the  volume  of  a  sphere  16  inches  in  diametec 

12  X  12  X  12  X  TT  X  3.1416  =  904.78    cu.    in.    equals    the 

volume  of  a  sphere  12  inches  in  diameter. 

The  difference  of  the  two  volumes  equals  the  volume  of 
the  spherical  shell,  and  this  multiplied  by  the  weight  per 
cubic  inch  equals  the  weight  of  the  shell.  Hence,  we  have 
(2,144.66  -  904.78)  X  .261  =  323.61  lb.     Ans. 

(326)     The  circumference  of  the  circle  equals    ^     — -^ 

or  72.0833  inches.     The  diameter,  therefore,  equal's 


3.1416 


•  * 


or  22. 95  inches. 


(326)  The  number  of  square  inches  in  a  figure  7  inches 
square  equals  7  X  7, or  49  square  inches.  49  —  7  =  42  square 
inches  difference  in  the  two  figures. 

|/7  =  2.64  inches  is  the  length  of  side  of  square  contain- 
ing 7  square  inches.  The  length  of  one  side  of  the  other 
square  equals  7  inches. 
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f  (327)     (a)  17jj^  inches  =  17.0U;  inches. 

Area  of  circle  =  17.0111'  x  .7854  =  227.41  sq.  in.     Ans. 
[  Circumference  =  17. (JIG  X  3.141G  =  53.457  inches, 
li;°  7'  21'  =  1(1.1225°. 


3tiU 


I  (328)     Area  ^  12  X  8  X  -7854  =  75.4  sq.  in.      Ans. 

I  Perimeter  =  (U  X  1.82)  +  (8  X  1.315)  =  33.30  in.     Ans. 


i.4S4sq.  in. 


■{329)    Areaofbase^  j^X  S.UlfixTx 

The   slant  height   of  the   cone  equals  Vll'  +  34',  01 
11.5434  in. 

Circumference  of  base  =  7  X  3, 141(1  =  21.9912. 
,11.6434 


Convex  area  of  c 


=  21.9912  X- 


-  =  1211.027. 


Total  area  =  120.927  +  38.484  =  1(15.41  square  inches. 

Ans, 

(330)     Volume    of    sphere    equals    10  X  10  X  10  X  -  X 
1^1410  =  523.Gcu.  in. 

Areaof  base  of  cone  =  jX3.141  (5x10x10=78. 54  sq.  in. 
3X  523.6  _ 


78.54 


=  20  inches  the  altitude  of  the  cone.     Ans. 


[  (331)     Volume  of  sphere  =  J  X  3.14IB  X  12  X  12  X  13 
B  904.7808  cu.  in. 

Area    of    base    of    cylinder^  -X  3.1416  X  13  X  12  = 
113.0976  sq.  in. 

"  113,0»7(i  " 
I  (332)     (a)  Area  of  the  triangle  equals --^I  Cx  BB,  i 

i  inches.     Ans, 
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(b)     See  Fig.  13.     Angle  B  A  C=  79^  22';  angle  ABB 
=  90<^  _  79°  22'  =  10°  38'.     Side  A  B  =  B  D  B 

-4-  sin  71)°  22'  =  12  -^  .08283  =  12.209  inches. 

Side   A    D  =  B  Dx  tan   10°   38'  =  12  X 
.18775  =  2.253  inches. 

Side  D  C=A   C-A  /:>=  0.5  -  2.253 
7.247  inches. 


Side  B  C  =  Vv  B'  +  D  C  =  |/12'  + 7.247^  =  i/l9(J.510  = 
14.018  inches. 

Perimeter  of  triangle  equals  A  B  -{- B  C  '\' A  C=  12.209 
-f  14.018  +  9.5  =  35.73  inches.     Ans. 

(333)  The  diagonal  divides  the  trapezium  into  two 
iriangles;  the  sum  of  the  areas  of  these  two  triangles  equals 
the  area  of  the  trapezium,  which  is,  therefore, 

11  X  7    ^  11  X4i       ^.,7  .     ,  . 

— h  — 7^ —    =  ^In-  square  mches.      Ans. 

Z  Z  o 

(334)  Referring  to  Fig.  17,  problem  350,  we  have  OA 

10  3 

or  OB  =  ■-  or  5  inches,  and  A  B  =  O'-  inches. 
2  '  4 

Sin  (r(9yy--^fi  =  -^^  =.075;  therefore,  angle  COB- 

42°  27'  14.3'. 

Angle  AOB=  (42°  27'  14.3')  X  2  =  84°  54'  28. G'.     Ans. 
C0=  OBxcns  CO  B  z=zh  X.737S2  =  3.6891. 

84*^  54'  28  G" 
Area  of  sector  =  10'  x  .7854  X ^,.,,o         =  18.524 sq.in 

ouO 

Area  of  triangle  = — =  12.450  sq.  m. 

18.524—12.450  =  0.074  sq.  in.,  the  area  of  the  seg- 
ment.    Ans. 

(335)  Convex  area  = 

perimeter  of  base  X  slant  height       G3  X  17        ^«^ 
^ —  = 2 =  535.5   square 

inches.     Ans. 


•  i 
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(336)  See  Fig.  14.    Area  of  lower  base        j, jy j. 

=  18'  X  .7854  =  254.409  sq.  in.  -? ^        f 

Area  of  upper  base=12'x. 7854=113. 0976 
sq.  in. 

GE-BG-AF-^-  0,or  3  inches. 

Slant     height    F  G  =  V^^W+WF"^  = 
i/3'  +  14'  =  14.32  inches. 

Convex  area  =  ^^°-  '* 

circumference  of  upper  base  +  circumference  of  lower  base 

2  ^ 

1      ♦    u   •   u*                                      37.0092  +  50.5488       ,,  ^, 
slant  height,  or  convex  area  = ^ X  14.32  = 

074.8150  sq.  in. 

Total   area  =  074.8150  +  254.409  +  113.0970  =  1,04S.38 

sq.  in.     Ans. 

Volume  =  (area  of    upper  base  +  area  of  lower  base  -\- 

1 

V^area  of  upper  base  X  area  of  lower  base)  X  :i  of  the  altitude  = 

(1 13.0970  +  254.4090+  4/113.0970X254.4090)  i-  =  2,500.997 
cubic  inches.     Ans. 

(337)  Area  of  surface  of  sphere  27  inches  in  diameter 
=  27*  X  3.1410  =  2,290.2  sq.  in.     Ans. 

(338)  Volume  of  each  ball  =  -\^-  =  38.3142  cu.  in. 


Diameter  of  ball  =  V  —^^^rr-  =  4. 1 8  inches.     Ans. 

^      .5230 

(339)  Area  of  end  =  19'  x  .7854  =  283.5294  sq.  in. 
Volume  =  283.5294  X  24  =  0,804.7050  cubic  inches  =  3.938 
cubic  feet.     Ans. 

(340)  Given,  ^/=  2   inches   and   //J  =  /K=~='\ 

inches  to  find  the  radius. 
B/  :///::///:  A/,  or2  :  7  ::  7  :  A  I; 

49  1 

therefore,  /}/=  —  =  24-  inches. 

^  .5  =  /I  /+  i^ /  =  24.^  +  2=  20-  inches. 

Radius  =  ^  =  -'';-  =  1  A-  '"ches.     Ans. 
•i  -i  i 
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(341)  (a)  Area  of  piston  =  10' x  .7854  =  283.529  sq. 
in.,  or  1.9G89  square  feet. 

Length  of  stroke  plus  the  clearance  =  1.14  X  2  ft.  (24 
in.  =2  ft.)  =  2.28  ft. 

1.9689  X  2.28  =  4.489  cubic  feet,  or  the  volume  of  steam 
in  the  small  cylinder.     Ans. 

(*)  Area  of  piston  =  3r  X  .7854  =  754.7694  sq.  in.,  or 
5.2414  square  feet. 

Length  of  stroke  plus  the  clearance  =  1.08  X  2  =  2.16  ft. 

5.2414  X  2.10  =  11.321  cubic  feet,  or  the  volume  of  steam 
in  the  large  cylinder.     Ans. 

(c)     Ratio  =  ^I'f^^,  or  2. 522 : 1.     Ans. 

(342)  (a)  Area  of  cross-section  of  pipe  =  8*  X  .7854  = 
50.2656  sq.  in. 

Tr  1  ^    '  50.2656  X  7       ^  ,,^  -,        . 

Volume  of  pipe  = — — =  2.443  cu.  ft.     Ans. 

144 

(d)     Ratio  of  volume  of  pipe  to  volume  of  small  cylinder 

==  /  ,o/.»  or  0.544: 1.     Ans. 
4.489 

1  p 

(343)  (a)  In  Fig.  15,  given,  C>^=  — ,or  8  inches,  and 

13  1 

^.^  =  — ,or  6—  inches,  to  find  the  volume,  area  and  weight: 

Radius  of  center  circle  equals  —       '  • 

u  or  7  J  inches.     Length  of  center  line  = 

2  X  3.1416  X  7t  =  45.5532  inches. 

4 

The  radius  of  the  inner  circle  is  6- 

inches,  and  of  the  outer  circle  8  inches;  therefore,  the  dia- 
meter of  the  cross-section  on  the  line  A  B  is  1  ~  inches. 

Then,  the  area  of  the  ring  is  1  i  X  3.1416  X  46.553  =  214.666 
square  inches.     Ans. 


Fig.  15. 
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Diameter  of  cross-section  of  ring  =  li  inches. 
Area   of   cross -section   of   ring=/li-^  X.7854=  1.7C71S 
sq.  in.     Ans. 
Volume  of  ring  =  1.7C7I5  X  45.553  =  80.4a9  cu.  in.     Ans. 
(i*)     Weight  of  ring  =  8().4!I9  x  .201  =  21  lb.     Ana. 
,  (344)     The  problem  may  be  solved  like  the  one  in  Art. 
A  quicker  method  of  solution  is  by  means  of  the 
:iple  given  in  Art.  826. 

1(345)    Theconvexarea=4  X  5^  X  18  =  378sq.  in.  Ans. 

I  Area  of  the  bases  =  5j  X  67  X  2  =  65. 125  sq.  in. 

I  Total  area  =  378  +  55.125  =  433. 125  sq.  in.     Ans. 

I  Volume  =  fa- J   X  IS  =  496. 125  cu.  in.     Ans. 

I  (346)     In  Fig.  IIJ,  O  C=    ^  f .,.     {\  of  rtOO"  ^  m\  and 
I  ^  '  o        '  tan  30        \G 

\ce  A  O  C  =^  ai  A  O  Ji,  A  O C  =  30°). 
ft)C=    ^"^^ 

12  X  in.^92_ 


.57735 
Area  of  A  0  B  = 


-  r,3.352 


square  feet. 
^  Since  there  are  C  equal  triangles  in  ; 

Lagon,  then  the  area  of  the  base  =  G  x  03.352,  or  374.112 
:  feet. 

■erimeter  =  fi  X  13,or  72  feet. 


X  area  =   '*^  "'  =  1..332  sq.  ft.     Ans. 
■Total  arca=  1,333  +  374.112  =  1,700.113  sq.  ft.     Ans. 
1(347)     Area  of  the  base  =  .374.112  square  feet,  and  alti- 
e  =  37  feet.     Since  the  volume  equals  the  area  of  the 


e  multiplied 
Volume 


by; 


of  the  altitude, 


=  4,(iU  cubic  feet. 
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(348)  Area  of  room  =  15  X  18  or  270  square  feet. 

One  yard  of  carpet  27  inches  wide  will  cover  3x2-  (27 

4 

1        '3 
inches  =  2j  ft.)  =  Oj  sq.  ft.  To  cover  270  sq.  ft.,  it  will 

take  -^TT-,  ^r  40  yards.  Ans. 

(349)  Area  of  ceiling  =  IG  X  20  =  320  square  feet. 
Area  of  end  walls  =  2(10  x  11)  =  352  square  feet. 
Area  of  side  walls  =  2(20  X  11)  =    440  square  feet. 

Total  area  =  1,112  square  feet. 

From   the   above   number  of   square  feet,  the  following 
deductions  are  to  be  made: 

Windows  =  4(7  X  4)  =  112  square  feet. 
Doors  =  :j(<l  X  4)  =  108  square  feet. 

Baseboard  less  the  width  of  the  three  doors 

equals  (72'  —  12')  x  T7,  =  30  square  feet. 

Total  No.  of  feet  to  be  deducted  =  250  square  feet. 

Number  of  square  feet  to  be  plastered,  then,  equals  1,112 

7 
--  250,  or  802  square  feet,  or  05p  square  yards.     Ans. 


7  10 

(350)     Given  A  r>  =  0^  inches,  and  OB=OA=^or: 

0  2 

5  inches,  Fig.  17,  to  find  the  area  of  the  sector. 

Area   of   circle  =  10'  X  .7854  =  78.54 
square  inches. 

Sinyi  0C=~-,  =  ^^^^^=  .0875; 

U  A  5 

therefore,  A  OC=43''  2C. 

yl  O  i)'  =  2  X  ^  (9  C  =  2  X  43°  20'  = 

80°  52'  =80.8000°. 

80.80^*0  ^.^    ^  M  -.n    fxg'  •  1 

— jr— —  X  78.54  =  18. 95  square  mches. 

Ans. 


Fig.  17. 


§4 
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(361)  Area  of  parallelogram  equals 

7  X  10  7  (129  inches  =  10^  ft.)  =  75t  sq.  ft.     Ans. 
4  4       '  4 

(362)  (a)     See  Art.  778. 

Area  of  the  trapezoid  =  ^'^tV  +  ^^U  x  ?!  =  143.75  sq.  ft. 

Ans. 

(if)     In  the  equilateral  triangle  ABC,  Fig.  18,  the  area, 
143. 75  square  feet,  is  given  to  find  a  side. 
Since  the  triangle  is   equilateral  all  the 

angles  are  equal  to  -  of  180°  or  G0°.     In 

«5 

the  triangle  A  B D=  A  DC,  we  have  A 
D  =  AB  X&in  G0°.  The  area  of  any  tri- 
angle   is   equal    to   one-half   the   product 

B  C  y.  A  D 
of  the  base  by  the  altitude,  therefore, =  143.75. 

BC=AB  and  A  D=:A  B  x  sin  00° ;  then,  the  above  becomes 

AB  X  AB  s'm  GO' 


2 


=  143.75, 


AB^X  .80003       .  ...  ^^ 
or      ^ =  143.75, 


or    AB'  = 


2 

2  X  143.75 
.80003 


Therefore,   AB  =  |/^^?^  =  18  ft.  2.G4  in.     Ans. 
•  ^   .80003 

(353)     (a)     Side  of  square  having  an  equivalent  area  = 
/143. 75  =  11.99  feet.     Ans. 

(6)     Diameter    of    circle    having    an    equivalent   area  = 

V^^f  =  1^183.0277  =  13^  feet.     Ans. 

(c)  Perimeter  of  square  =  4  X  11.99  =  47.96  ft. 

Circumference  or  perimeter  of  circle  =  13,y  x  3.1416  =  42.41  ft. 


5  feet  6.6  inches.     Ans. 


Difference  of  perimeter  =    5.55  ft  = 
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(354)     In     the    triangle 
ABC,  Fig.  19, 
^  ^  =  24  feet, 
5(7=11.25  feet,  and 
AC-  18  feet. 
m-\-n  :  a-\-b\\a'-b  :  m  —  n, 
or  24  :  29.25 ::G. 75  :  m  —  n, 

29.25  X  0.75       _  oo^k^o 
m  —  n  = — =  8.226562. 

Solving  for  ;//  and  ;/  (see  Art.  761), 

2  2 

In  the  triangle  ADC,  side  ^C=18  feet,  side  AD  = 
1G.11:J281  ;  hence,  according  to  Rule  3,  Art.  764,  cos  A  = 

l^iliili^i  =  .89518,  or  angle  A  =  2G°  28'  5'.    In  the  triangle 

1  o 

Ji  n  C,    side    /i/?=  7.886719,    and    side    B  0=11.25   ft. 

Hence,  cos  />'  =  ^'^^"J.^^  =  .  70104,  or  angle  B  =  45°  20'  23'. 

Angle  C  =  180°  -  (45°  29'  23'  +  2G°  28'  5')  =  108°  2'  32'. 

A  =  2G°  28'    5'. 

Ans.  -!  ^  =  45°  29'  23'. 

C  =  108°  2'  32'. 


FGASES  MET  WITH  IN  MINES. 


I  (355)     See  Art.  828. 
(3Se)     See  An.  834. 

(357)  See  Art.  841. 

(358)  See  Art.  849. 
I  (359)     Carbonic  acid  gas,  because  it  contains  more  mat- 

■  per  unit  of  volume,  and  is  more  compact  and  heaviei 
lan  marsh-gas.     See  Art.  830  and  Table  10  (Art.  865). 

(360)  See  Art.  831. 

(361)  Applying  formula  2,  we  have 


An  5. 


Sp.Gr. -^^a.8 

1  (362)     See  Arts,  835  and  836. 

[  (363)     It  drives  or  tends  to  drive  the  molecules  apart. 

'  e  Art.  843. 

(364)     See  Arts.  846,  847,  and  848. 
I  (365)     See  Art.  860. 
I  (366)     See  Art.  864. 
'  (367)      See  Art.  881. 

(368)  The  amount  of  matter  in  a  body,  regardless  of 
[he  space  it  oceupies,  is  i-alled  mass,  while  ihe  spaue  which 
the  body  occupies,  regardless  of  the  amount  of  matter,  is 
called  the  volume.      See  Art.  829. 

lia.5  X  1.5=  93.75 
coal.      Hence,  the 


I 


(360)      Applying  formula  4,  we  havt 
the  weight  of  1  cii.  ft.  of  anthracitt 
S  5 
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weight  of 
lb.     Ans. 

1  cu.  yd.  or  S7  cu.  ft.  =  27  X  93.76  lb.  =  2,53l.2a 

(370) 

See  Art,  836. 

(•'"1) 

See  Art.  838. 

(372) 

See  Art.  840. 

(373)     A  compound  substance  is  a  substance  formed  of 
molecules   wliich   are   unlike   in   their    nature.     See   Arts. 
836  and  842. 

(374) 

See  Art.  844. 

(375) 

See  Art.  847. 

(376) 

See  Art.  850. 

(377) 

See  Art.  851. 

(378) 

Applying  formula  8, 

='.  =  "f"  =  I= ■"-•"•  *"'■ 

(379) 

Sec  Art.  853. 

(380) 

Sec  Art.  859. 

(381) 

See  Art.  860- 

(382) 

See  Art.  866. 

(383) 

Applying  formula  21, 

W= 

""'''«»  +  ;r '■''-  =  "•*«"'■  *"^ 

(384) 

See  Art.  877. 

(385) 

Sue  Art.  887. 

(38S) 

See  Art.  897. 

(387) 

See  Arts   902,  903,  and  904. 

(388) 

See  Art.  871. 

(389) 

See  Art.  861. 

(390) 

Sec  Art.  898. 

(391) 

See  Art.  895. 

§  5  GASES  MET  WITH  IN  MINES.  3 

(392)  See  Art.  899. 

(393)  Applying  formula  12, 

20  :  W,  ::  12  :  .0763,  or  IV,  =  '^^  X  .0763  ^  ^^^^  ^^     ^^ 

J.  f^ 

(394)  See  Art.  889. 

(395)  Applying  formula  7, 

/,  =  — 2 —  =  27  lb.  per  square  inch.     Ans. 

(396)  See  Art.  870. 

(397)  See  Arts.  882  and  883. 

(398)  See  Art.  876. 

(399)  See  Art.  848. 

(400)  See  Art.  845. 

(401)  See  Art.  874. 

(402)  One  pound  of  bituminous  coal  when  burned, 
furnishes  14,400  B.  T.  U.  (see  Table  hs);  hence,  2,000 
pounds  will  furnish  2,000  X  14,400  =  28,800,000  B.  T.  U. 

Ans. 

(403)  See  Arts.  878  and  879. 

(404)  exie  Art.  873. 

(405)  See  Art.  856. 

(406)  See  Art.  839. 

(407)  See  Art.  841. 

(408)  The  carbon  in  the  coal  =  .88  X  300  lb.  =  264  lb., 
and  since  the  molecular  weight  of  carbonic  acid  gas  {Cc\) 
is  12  +  32  =  44,  the  carbon  in  the  gas  must  be  |f  of  the 
weight  of  the  gas.  Therefore,  if  204  lb.  of  carbon  be  used 
to  produce  carbonic  acid  gas,  204  lb.  will  represent  ^|  of 
the  resulting  product.     Hence,  |^,  or  the  whole  of  the  gas 

formed,  =  ^^^^  ^  =  0G8  lb.     Ans. 

See  Art.  838  and  Table  17. 
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(409)  Dissociation  is  the  disunion  of  the  element 
forming  a  compound.     See  Art.  837. 

(410)  See  Art.  834. 

(41 1)  Applying  formula  1,  we  have 

SP-Gr.  =  j^^  =  7.14.     Ans. 

(412)  To  gases  only.     See  Art.  841. 

(413)  One  molecule  of  C H^  yields  one  molecule  of  CO^ 
and  since  they  are  both  compound  gases,  a  molecule  of  each 
occupies  the  same  volume.  Hence,  1,200  cu.  ft.  of  CH, 
will  yield  1,200  cu.  ft.  of  CO,.     Ans.     See  Art.  841. 

(414)  Gases,  liquids,  and  solids.     See  Art.  833. 

(415)  See  Art.  863. 

(416)  See  Art.  869. 

(417)  SeeArt.  900. 

(418)  SeeArt.  907. 

(419)  SeeArt.  922. 

(420)  See  Art.  916. 

(421 )  Applying  formula  20, 

V= ^ =  20.71  cu.  ft     Anfc 

(422)  Sec  Art.  918. 

(423)  See  Art.  922. 

(424)  Sec  Art.  862. 

(425)  See  Art.  923. 

(426)  Sec  Art.  919. 

(427)  See  Arts.  906  and  915. 

(428)  Sec  Art.  890. 

(429)  Applying  formula  14,  we  have 

.^g-T-rry-j  =  10.38  lb.  per  square  inch.     Ans. 
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(430)  See  Art.  901. 

(431)  See  Arts.  907  and  910. 

(432)  See  Art.  913. 

(433)  See  Art.  915. 

(434)  See  Art.  891 . 

(435)  Applying  formula  15,  we  have 

p^  .37052  X6.5^X  (459 +  84)  ^  ^^^^  ^^   ^^^  ^^^^^  .^^^ 

Ans. 

(436)  See  Art.  911. 

(437)  See  Arts.  912  and  914. 

(438)  See  Art.  892. 

(439)  See  Arts.  893  and  894. 

(440)  See  Art.  900. 

(441)  See  Art.  896. 

(442)  Weight  =  .0766  X  .559  X  100  =  4.28  lb.  Ans. 
See  Art.  832. 

(443)  Because  the  square  root  of  the  density  of  car- 
bonic acid  gas  is  greater  than  that  of  marsh-gas.  See 
Art.  865. 

(444)  The  specific  gravity  of  marsh-gas  is  .559.  Using 
formula  21 9 

„,      1.3253  X  650  X  29.5  X  .559       ,,,.  „^  ,.        ^ 
^=- 459T60 =  20.75  lb.     Ans. 
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MINE   VENTILATION 

(F>ART    1.) 


(445)  Sec  Arts.  925,  927,  and  932. 

(446)  (a)     Using  formula  27, 

the  time  the  ball  would  require  to  reach  the  highest  point. 
Hence,  58.333  X  2  =  116.66  seconds,  or  1.044  min.     Ans. 

(d)     By  using  formula  28, 

the  height  the  ball  will  rise.  Hence,  54,716.66x2  = 
109,433.3  ft.,  the  total  distance  over  which  the  ball  will 
pass.     Ans. 

(447)  See  Art.  937. 

(448)  See  Art.  936. 

(449)  Using  formula  43, 
^=:^z;=7x7x  300  =  14,700  cu.  ft.  per  min.     Ans. 

(450)  Since  the  water-gauge  is  equivalent  to  a  certain 
pressure,  law  (3),  Art.  980,  may  be  used.  Hence,  sub- 
stituting IV  and  IV^  for  /  and  /,,  respectively, 

IV  :  W^::q^  :  q^\  or  2:8  ::  15,000'  :  /,; 

whence,  /,  =  30,000  cu.  ft.     Ans. 

(451 )  Law  (15)  evidently  applies  to  this  case.  Calling 
the  original  quantity  1, 

H:  H^  ::  g*  :  q*,  or  2  :  //,  ::  1'  :  2'; 

whence,  //,  =  16  horsepower.     Ans 

For  notice  of  the  copyright*  see  psme  immediately  following  the  title  page. 
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(452)  Since/ =  5.2  JK,/  =  5.2x  1.5  =  7.8  lb.  per  sq.ft. 
Applying  formula  36, 

P-pa-  7.8  X  6  X  7  =  327.6  lb.     Ans. 

(453)  The  perimeter  of  the  6  ft.  X  6  ft.  airway  is 
6  X  4  =  24  ft. ;  of  the  8  ft.  X  4^  ft.,  8  X  2  +  4^  X  2  =  25  ft. 
Since  both  airways  have  the  same  length,  the  6  ft.  X  6  ft. 
airway  has  less  rubbing  surface  than  the  8  ft.  X  4^  ft.,  its 
perimeter  being  less.  Hence,  the  6  ft.  X  6  ft.  airway  will 
pass  the  greater  quantity  of  air. 

(454)  Applying  the  method  illustrated  in  Art.  992, 


/< 


T-  =  ^^^^  =  11=^8*>  s'"^«  tf,  =  «  X  6  =  36,  and  s,  = 
^  ^^^  4  X  6  X  1.500  =  36,000. 

/^  =  Vj^^  =  1-2582,  since  «.  =  6  X  7  =  42,  and  j.  = 

(2  X  6  +  2  X  7)  X  1,800  =  46,800. 


v~ 


»         /    30* 

-  =  V  onliM)"  ~    -^5^5,  since  ^ ,  =  6  X  5  =  30,  and  j,  = 

(2  X  6  +  2  X  5)  X  1,350  =  29,700. 


^  Ans. 


^T"  =  ♦'^5?Sn-  =    '^^^^'^^  ^^^^^  ^,  =  5X5  =  25,  and  s^  = 

''  ^^'^^^^ 4  X  5X1,500  =  30,000. 

su//i=  4.0718 

(^  =  .'-*--  X  45,000  =  12,582  cu,  ft.  per  min.  for  (1). 

4.0<  In 

1  2582 
^7=  TT^i^nir  X  45,000  =  13,005  cu.  ft.  per  min.  for  (2). 

^^=  ^^~  X  45,000  =  10,539  cu.  ft.  per  min.  for  (3). 
^4=  i\.rsAo  X  45,000  =    7,074  cu.  ft.  per  min.  for  (4) 

4. 0<  lo  . 

SNm=z  45,000 

(455)  Apply  law  (22).  Since  /  =  5.2  IV,  p  =  5.2  X 
1  =  5.2  lb.  per  square  foot.  Then,  /:/,::  //,*  :  f/*,  or 
5.2  :  /,  ::  5*  :  6';    whence,  /,  =  12.04  lb.  per  sq.  ft.     Ans. 

(456)  Since  quantity  and  velocity  are  directly  propor- 
tional, we  may  substitute  v  for  q  in  law  (15),  obtaining 
u  :  //j  ::  zf*  ;  r^',  or,  calling  the  power  originally  required  1, 
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whence,  it   —  S;    i.e.,  the  ratio  of  increase 


id  calling  tho  original  pres- 


:  1:'2; 

1.     Ans. 


rill  be  «  :  1.      Ans. 

(457)     ApplyinR  law  (5) 
sure  and  length  each  1, 

/*:/,::/:/,,  or   1  : /■ 
whence,  /,  =  3,  and  the  ratio  is  ' 

t(458)     Applying  law  (3), 
/:  /,  ::</  :  ^,',  or   1  :  /,  :;  1'  :  2'; 
hence,  /,  =  4,  and  the  ratio  is  4  :  1.      Ans 

(45ft)  Applying  law  (IS), 
«  :  w,  :;  ^'  ;  y,',  or  1  :  «,  ::  1'  :  2'; 
lience,  «,  =  8,  and  the  ratio  is  8  :  1.  Ans. 
(400)  Since  the  volumes  are  proportional  to  the  abso- 
te  temperatures,  we  may  write  v  :  r-,  :;  7'  :  7",,  '/'  being 
4B0  +  30  =  480.  and  T,  being  469  +  70  =  629.  Hence, 
lO.OOO  :  I',  ::  489  ;  529,  or  i',  =  10,818  cu.  ft,  permin.  Ans. 
(461)  Since />  =  5.-i  IF, /  =  fi.3  X'i~  lil.4  lb.  per  sq.ft. 
iplying  formula  48, 

SPOO  =  —33:1^0  '      =  '■■'*  horsepower,  nearly. 
'  Ans. 

I  (462)     Substituting  W  and  IC,  for  />  and  /,  in  law  (3), 

tV:  n\  ::  q'  :  y,*.  or   3  :  U\  ::  20.000'  :  SO.lXHl'; 
►hence,  ((',  =  GJ  in,      Ans. 

(463)     5  ft,  per  sec.  =  5  X  fiO  —  300  ft.  per  min.     Apply- 
ing formula  45, 

?        8.000        .,„  .  <■  V,     ,       ,v       A 

L  =  -— -—  =  2i>S  sq.  ft.  =  area  of  No.  1  split.      Ans. 

a  =      '        =  33J  sq.  ft.  =  area  of  No.  2  split.     Ans. 


300 
14.000  _ 

300 
1MOO_ 
'     300 


"  =  "onn    =  *"$  ^1-  ft-  =  area  of  No.  4  split.     Ans. 
-  =  53i  sq.  ft.  =  area  of  No.  5  split.      Ans. 
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(464)  Applying  formula  50, 

^      33,000//      33,000X40       ,,^^,^ 

/  = =  -n^TioiT"  ^      '^       •  P^^  ^-  *^-'  nearly. 

11  79 
Hence,       ^F=      '       =  2.27  in.,  nearly.     Ans. 

(465)  Applying  the  method  described  in  Art.  992, 

j;/;;/  =  1.38740 

75804 
Then,  q.  =  ^;,^,;^t  X  10,000  =  5,470cu.  ft.  per  min. 

1 .  »i«S  i  4 

in  A. 

^^  =  •  '"      *  X  10,000  =  4,530  cu.  ft.  per  min. 


Ans. 


(466)  {a)  The  easiest  way  to  work  this  example  is  to 
calculate  the  ventilating  pressure  for  each  split;  if  all  are 
equal,  no  regulators  will  be  required,  but  if  some,  or  all,  are 
different,  regulators  must  be  introduced  into  those  splits 
having  the  lesser  values.  The  pressure  may  be  calculated 
by  using  formula  44  to  find  the  velocity,  and  then  using 
formula  38 ;  but  an  easier  way  is  to  use  the  following 
formula,  which  is  obtained  by  transposing  terms  in  for- 
mula q.  Art.  979 : 

ksq* 

f = -J- 

Applying  this  formula,  we  have 

ksq''       .0000000217  X  280,000  X  5,000' 
p=—J-  = — 1 =  1.374  lb.  per 

sq.  ft.  for  A. 

ksq^      .0000000217  X  150,000  X  10,000'      ^  ^^,  ,^ 

p  = — r-  = —^ =  2.604  lb.  per 

^  ^7'  50'  ^ 

sq.  ft.  for  B. 
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_>&j/_. 0000000217  X  360,000  X  20,000' __ 


r  — 

a^    " 

72" 

sq.  ft. 

for  C. 

/  = 

ksq' 

.0000000217  X  160,000  X  15,000' 

48" 

8.372  lb.  per 


=  7.064  lb.  per 

sq.  ft.  for  D, 

Hence,  to  distribute  the  air  as  required  by  the  example, 
regulators  must  be  placed  at  W,  B^  and  D.     Ans. 

(b)  After  placing  the  regulators,  the  pressure  will  be 
8.372  lb.  per  sq.  ft.  m  all  the  splits.  Therefore,  applying 
formula  48, 

rj         pq  8.372X50,000       ,«  ^^r  u  a 

"  ==  3W  =  33,000         =  ^^-  ^^^  h-^^-P^--^-     Ans. 

(467)  Using  formula  21, 

„^      1.3253  VBD    ,„      1.3253X30X1X  1        n-r-^i-^iK 
W= ^ ,  W= 5^^^-p^^^^ =  .0.6313  lb. 

Now,  applying  formula  34, 

(468)  In  the  last  example,  the  weight  of  a  cubic  foot 
of  air  at  62°  F.  and  30  inches  barometer  was  found  to  ho 
.076313  lb. 

Hence,  applying  formula  32, 

.  =  \/^lL  =  \^^:K^4U^  =  4i.«r3  ft. 

w  .  0  <  ( 

2,512.38  ft.  per  min.     Ans. 


_  -  ^  ..,..  — per  sec.  = 

w  ^  .076313  ^ 


(469)  None  of  the  laws  will  apply  to  this  case,  but  the 
example  may  be  worked  as  follows:  Denoting  the  quantity 
passed  with  15  horsepower  by  1,  we  have  for  the  quantity 
passed  with  36  horsepower  [applying  law  (15)], 

H:  H^::q*  :  q^\  or   15  :  36  ::  1'  :  ^/,'; 

whence,  q*  =  2.4,  and  q^  =  >^2.4. 
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Now,  applying  law  (3)  and  substituting  IV  and  IV^  for 
p  and/,,  respectively, 

IV :  W^  ::  q^  :  q^\   or   .6  :  \V^  ::  1*  :  V^^\ 

whence,  IV^  =  1.076  in.,  nearly.     Ans. 

(470)  The  rubbing  surfaces  are  (2  X  6  +  2  X  8)  X  8,000  = 
224,000 sq.  ft.,  and  (2  X  6  +  2  X  8)  X  10,000  =  280,000 sq.  ft. 
Hence,  applying  law  (lO),  Art.  980^ 

9  ••  ^,  -  V^^'  \^,  or  10,000  :  q^  ::  4/280,000  :  1^224,000; 
whence,      q^  =  8,945  cu.  ft.  per  min.,  nearly.     Ans. 

(471)  See  Arts.  975  and  976.  Since  the  airways 
have  similar  sections, 

10  :  X  ::  ^5,000  :  1/8,000,  or  ;r  =  10.99  ft. ; 

also,  10  :  10.90  ::  Six,  or  x=  8.792  ft. 

Hence,  the  required  section  is  8.792  ft.  X  10.99  ft.,  say 
8.8  ft.  X  11  ft.     Ans. 

(472)  Since  the  airway  is  square  and  ^?  =  64  sq.  ft.,  the 
length  of  a  side  =  (/ =  ^/ili  =  8  ft.  Representing  the  pres- 
sure by  1,  the  units  of  power  required  would  be  u  =  pq  = 
1  X  15,000=  15,000  ft.-lb.  Since  the  power  is  to  remain 
the  same,  the  pressure  for  the  new  airway  must  be  less  (the 
length  remaining  the  same),  since  the  quantity  is  greater. 

Hence,    //  =/,  ^,  =/,  X  20,000  =  15,000,    or   /,  =  1|^  = 

.75;  i.e.,  the  new  pressure  is  .75  of  the  original  pressure. 

By  using  formula  55,  q  =  V  TT~r  whence,  q*  =  j-r-2l   also, 
q^  =  \    I ,  \ y  whence,  q^^  ^±iri'     dividing  the  first  by  the 

second,  —.=.  ^    ...  the  denominators  canceling  out,  being 

equal,  or  q*  \  q^  \\  pd^  :  /,  d^. 

Substituting  the  values  of  q,  ^,,  /,  d,  and  /,, 
15,000'  :  20,000'  ::  1x8*:  .75 rf,*; 

,  ,       //  20,000'  X  8'        _  ^ .  ^  . 

whence,         <  =  f-^,^-^^^^  =  9.507  ft.     . 

Hence,  the  area  =  9.507*  =  90.38  sq.  ft.     Ans. 


§  6  MINE  VENTILATION.  7 

(473)  Applying  formula  56, 

.       .0004^      .0004X8,000      ^,         r.       a 
A  =  — -=2-  = — -i =  6.4  sq.  ft.     Ans. 

(474)  {(i)  Applying  the  method  described  in  Art.  992, 


Aiis. 


i/V  =  i/_3^  =  1  1678 
^    J,        ^    19,800 

4/fZ  _  i/Il6!I  -  1  5350 
^   J.  -  ^   19,800  -  ^-^^^^ 

5«;;/  =  4.3956 
^,  =  t4|II  X  60,000  =  15,942  cu.  ft.  for  1st  split. 

q^  =  j^^^  X  60,000  =  20,952  cu.  ft.  for  2d  split. 

g»  =  .'  oa-p  X  60,000=12,381  cu.  ft.  for  3d  split. 

^4  =  /  oaL  X  60,000  =  10,725  cu.  ft.  for  4th  split. 

sum  =  60,000 

(d)  Velocity  in  main  split  =  60,000  -r-  80  =  750  ft.  pel 
min.,  since  sectional  area  =  8  X  10  =  80  sq.  ft.  Applying 
formula  38  to  find  the  pressure, 

_  ksv"  __  .0000000217  X  54,000  X  750'  _ 
^"^    a     "  80  ■" 

8.24  lb.  per  sq.  ft.,  nearly. 

To  find  the  pressure  necessary  to  force  the  air  through 
the  splits,  consider  split  No.  1. 

Velocity  =  — '^r —  =  531.4  ft.  per  min. 
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Applying  formula  38, 

_ks^  7'^  _  .0000000217  X  19,800  X  531.4*  _ 
^»""      rt,     ""  30  "" 

4.04  lb.  per  sq.  ft.,  nearly. 

Total  pressure  =  8.24  +  4.04  =  12.28  lb.  per  sq.  ft. 

12  28 
Hence,  water-gauge  =      '      =  2.3G  in.,  nearly.     Ans. 

(475)  According  to  law  (15), 

u  :  ;/,  ::  g*  :  q*,  or  1  :  ;/,  ::  1*  :  2";  whence,  «,  =  8. 

That  is,  the  power  must  be  increased  to  8  times  its  original 
amount  in  order  to  double  the  quantity.     Ans. 

(476)  It  is  evident,  from  the  conditions  of  the  example, 
that  one  airway  is  5  times  the  length  of  the  other.  Calling 
the  length  of  the  short  airway  1,  and  the  quantity  passing 
through  it  1 ;  and  the  length  of  the  long  airway  5,  and  the 
quantity  passing  through  it  ^„  we  have,  applying  law  (20), 
Art.  980, 

/:/,::  q,^  :  ^',  or   1:5  ::  ^,'  :  1;   whence,  q^  =  VT=  .4472. 
Since  <7=1,  ^  +  <7,  =  1  +  .4472  =  1.4472.     Hence, 

q  =  T-Ti^  ^  100,000  =  (;0,091>  cu.  ft.  per  min.  in 

short  airway. 

4472 
q  =  '  X  100,000  =  30,901  cu.  ft.  per  min.   in 

1 .  44  i 2 

long  airway. 

(477)  (a)     Applying  formula  35, 

AT  -  ^iLlJ')  -  -mil^'l-  '"^O)  _  40  75  ft      Ans 
^^--^SIhT/    -      45-J  +  130"  -  *"-^^     •     '^"^• 

(d)     Applying  formula  35, 

300a5()-^)__ 

459  +  150      -*-'-'**^^^- 

The  weight  of  a  cubic  foot  of  air  at  50°  F.  and  30  inches 
barometer  is 


Ans. 
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Hence,   the  pressure  per  square  foot  =  .07811  X  49.20  = 
3.85  lb.     Ans. 

(478)     (a)  Applying  the  method  illustrated  in  Art.  992, 

sum  =  1.77808 

69714 
g,  =  '  yyogo  X  50,000  =  19,597  cu.  ft.  per  min.  for 

1st  split. 

^t  =  i'  lyiyQ^Q  X  50,000  =  17,980  cu.  ft.  per  min.  for 

1.77oDo 

2d  split. 

44194 
^«  =  1  ly^yoVo  X  50,000  =  12,423  cu.  ft.  per  min.  for 

1. 77ooo 

3d  split.  


Ans. 


sum  =  50,000 

{A)     Applying  formula  used  in  solving  example  400, 

__  ^sg*  _  .0000000217  X  400,000  X  50,000'  __ 
^^    a*    ^  100'  "" 

21.7  lb.  per  sq.  ft. 

Therefore,  I/=  -tS-  =  i^lX^lMl^O  ^ 
'  33, 000  33, 000 

32.88  horsepower  for  first  case.     Ans. 

_  ks^q^  _  .0000000217  X  90,000  X  19,597*  _ 
^'  a^    -  30* 

17.15  lb.  per  sq.  ft. 

Therefore,    ^  =  _A?__  ^  lIil5_XiO^  = 
'  33,000  33,000 

25.98  horsepower  for  second  case.     Ans. 
(479)     Applying  formula  41, 

,     s  54,000  .  ^^^  ^ 

^=^  =  2X9+2X0  =  ^^^^^^'     ^^^ 
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(480)  7  ft.  3  in.  =  7^  ft. ;  11  ft.  9  in.  =  llf  ft.     Hence, 
applying  formula  43, 

^. -=  rt^z;  =  7^X11  J X  434  =  30,971  cu.  ft.  per  min.,  nearly.  Ans. 

(481)  Applying  law  (3), 

/>:/,::  ^'  :  q^,  or  1  :  /, ::  120,000'  :  180,000* ;  whence,  /,  =  2^. 

Therefore,   the   original   pressure  must  be   increased  2J 
times.     Ans. 

(482)  Applying  law  (3), 

/  :  A  ••  ^'  •  ^i'»  «r  19.2  :/,  ::  160,000*  :  120,000'; 
whence,  /,  =  10.8  lb.  per  sq.  ft.     Ans. 

(483)  For  a  water-gauge  of  .9  in.,  /  =  5.2  X  .9  =  4.68 
lb.  per  sq.  ft.     Applying  formula  48, 

H -     ^^     -  4.08  X  70,000  __  horseoower      Ans 

^-33:000""        33,000        -9.927  horsepower.     Ans. 

(484)  Applying  formula  35, 

^^-    459  +  /    -       459  +  120      - '^^-^^  f^'     ^ns. 

(485)  For  a  water-gauge  of  .0  in.,  /  =  5.2  X  .6  =  3.13 
lb.  per  sq.  ft.     Applying  law  (3), 

/:/,::/:  g^\  or  3.12  : /,  ::  12,000'  :  24,000'; 
whence,  /,  =  12.48  lb.  per  sq.  ft.     Ans. 

(186)     Quantity  passing  in  first  case  is  0  X  8  X  300  = 
14,400  cu.  ft.  per  min.     Applying  law  (3), 

/:/,::  ^'  :  </,',  or  4  :/,  ::  14,400'  :  24,000'; 
whence,  /^  =  llj  lb.  per  sq.  ft.     Ans. 

(487)     Applying  formula  48, 

rj         pq  2.5X20,000      ^.,, 

^  =  3^00  =       33,000      =  ^i*  horsepower. 

Applying  law  (15), 

// :  //,  \\q^  \  q^,  or  1^  ://,::  20,000'  :  25,000»: 
whence,  7/^  =  2.959.     Ans. 
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60  sq.  ft.      Ans. 


(a)  Applying  formula  AS- 
—  ?  _  30.000 

""v  ~     500 


(3)  If  the  curreat  be  divided  equally.  30.000  -i-  3  =  IS.OOO 
cu.  ft.  per  min.  must  pass  in  each  split,  ood  area  of  either 

IS.lHtO 

spilt  =     ^^^     =  30  sq.  ft.     Ans. 

(f)  Perimeter  of  large  airway  =  t'fiO  x  4  =  31  ft.,  nearly. 

Sum  uf  perimeters  of  two  small  airways  =  «  30  X  4  X  4  = 
it  ft.,  nearly. 

Since  the  lengths  of  all  the  airwa>-s  are  equal,  it  is  evident 
that  the  two  small  airwaj-s  together  have  more  rubbing 
surface  than  the  large  one;  hence,  they  offer  more  resistance 
and  require  greater  power  in  the  proportion  of  44  ;  31,  or 
1.4I»-t  :  1.     Ans. 

(4S9)     The  easiest  method  of  solving  this  example  is  as 
^Uollows : 
■  By 

^Lfne 

Ki  tfa 

Po-a 


By  formula  r.  Art.  979,  s  —  j;-^  for  the  fiist  airway,  and 

-  J — >  for  the  second  airway,  since  u,  the  power,  is  the 
nme  for  both  airways.  By  transposing  the  terms  t*"  and  t-,' 
1  their  respective  equations,  sti"  =  j  and  s,  v'  =  p     Since 

and  J,  v'  equal  the  same  thing,  i.  e. ,  -r,  they  are  equal  to 
each  other;  in  other  words,  sj-"  =  s,t''.  For,  if  5  X  G  =  30 
and  2  X  15  =  30,  it  is  clearly  evident  that  5  X  6  =  2  X  1.1. 
Since  the  lengths  of  the  airways  are  the  same,  the  rubbing 
surfaces  are  proportional  to  the  perimeters,  and  a  and  tf, 
may  be  substituted  for  s  and  j,.  Hence,  oi^  =  ", ^','-  Now, 
o  =  2  X  (J  +  2  X  10  =  32  ft. ;  i?,  =  a  X  5  +  2  X  «  ^  aa  ft.,  and 
V  =  '  ■■  =  400  ft.  per  min.  Therefore,  o i'*  =  o,  v*.  or 
33  X  400'  =  32  X  v^' ;  whence, 

=  ♦'15^  =  453.21  (..per  min.  = 

rlocity  in  small  airway. 
Applying  formula  43, 
=rt,!',=5X  6  X*53.ai=  13.5116  cu.  ft.  per  min.,  nearly.  An«. 
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(490)  (^0  The  rubbing  surface  =  8  X  3.1416  X  1,800  = 
45,239  sq.  ft.     Applying  the  formula, 

^        a*   ' 
_  ^00000002  n  X  45^30  X  40,000'  ^ 
^^  (.7854  X8T  "" 

12.30  lb.  per  sq.  ft.,  nearly.     Ans. 

(6)  Applying  formula  48, 

/>g     _  12.30  X  40,000  _  horccDowcr      Ans 

^"^-33:000"         33,000         -  I'i-^S^  horsepower.     Ans. 

(491)  The    velocity    before    putting    in    regulator  = 

^ z=  500  ft.  per  min. 

70  * 

21  000 

The  velocity  after  putting  in  regulator  =  — ^- —  =  300  ft. 

<0 

per  min. 

Then,  as  in  Art.  998,  /  :  /,  ::  ^  :  v*,  or  (substituting 
ir  and  ll\  for  /  and  /,)  .75  :  ll\  ::  500*  :  300';  whence, 
IF,  =  .27  i«.     Therefore,  IV-  n\  =  .75  -  .27  =  .48  in. 

Applying  formula  66, 

,        .0004(7       .()()04  X  21,000       ,  ,  ,  ,         -  ,  . 

A  =  — - —  -  = ,  :^ =  12.12  sq.  ft.,  nearly.      Ans. 

(492)  (a)  See  Art.  941. 
{6)  vSee  Art.  943. 
(V)     vSee  Art.  986. 

(493)  (a)  See  Art.  997. 
(/;)     See  Art.  993. 

(V)     See  Arts.  986  to  987  and  Art.  999. 

(494)  In  Art.  996»  it  is  shown  that/  :  /f^  ::  sf*  :  s^  7\'; 
sul)stituting  in  this  proportion  the  values  given,  and 
replacing  /  and  /,  by  [F  and  IF,, 

.7  :  ll\::  1  X  S"  :  3  x  10';  whence,  IF,  =  3.28  in.     Ans. 

(495)  (^0     ^^^^    robbing    surfaces    of    the    splits    are 
(2  X  7  +  2  X  0)  X  2,()(K)  X  3  =  150,000  sq.  ft.,  and  (2x7  + 
2  X  0)  X  5,000  X  3  =  31)0,000  sq.  ft.     Apply  formula  q.  Art 
979,  to  the  short  split. 
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Since    /  =  5.2  X  2.5  =  13  lb.    per   sq.ft.,    qz=La\^  — 

Ans. 
Applying  the  same  formula  to  the  long  split, 

^       ^    ks        ^   .00(H)000217  X  300,000 
10,6G8  cu.  ft.  per  min.     Ans. 

(b)     The  total  quantity  =  16,8G8  +  10,U08  =  27,536  cu.  ft. 
per  min.     Applying  formula  48, 

rr         pq         13X27,536       ,^  ^^  ,  a 

^  =  33:000  =       33,000       =  ^^'^^  horsepower.     Ans. 

(r)     As    in    example    491,    W  \  W^wv^w^,     But    v  — 

— — —  =  401.G  ft.   per   mm.,   nearly;    hence,    7',= — - — ■  — 

200.8  ft.  per  min.  Therefore,  2.5  :  [F,  ::  401.G'  :  200.8'; 
whence,  JF,  =  .625  in.  Applying  formula  66,  we  have, 
since  16,868  -r-  2  =  8,434,  and  2.5  -  .625  =  1.875, 

A  =      , ^  =  '- '        =  2.46  sq.  ft.,  nearly.     Ans. 

/PF  i/1.875  ^  ^ 

(486)      According    to    formula    63,    //  =  ksv"^.      Since 

v=—,  IT  =^~  and  u  =  ks^^  or  -^  = -^.       Now,    as    the 
a  a  a  a         k 

power  is  the  same  for  both    airways,   we   have     '  '\    =  j. 

s  q*      s  (I  * 
Hence,  — ^  =    *   ,  .     Assuming  that  both  airways  have  the 

same  length,  we  can  substitute  o  and  o^  for  s  and  s^.  There- 
fore, — ^  =    '  ,  .     Substituting  the  values  given, 

3.1416  X  18  X  50,000'  _  3.1416  X  6  X  q,\ 
(.7854  X  18'')'         "      (.7854  X  6*)'    ' 

whence,  q^  =  8,012.5  cu.  ft.  per  min.     Ans. 


U  MINE  VENTILATION.  § 

(497)  (a)  See  Art.  973. 
(*)  See  Art.  958. 
(c)  See  Art.  968. 

(498)  (a)  The  solution  is  similar  to  that  given  in  Ai 
lOOO,   2*  =  32;  hence,  the  first  figure  is  2. 

(3)  35  —  32  =  3.     Annexing  five  ciphers  gives  300,000. 

(4)  2*  X  5  with  four  ciphers  annexed  =  800,000;  2*  wi 
four  ciphers  annexed  =  80,000;  the  sum  =  880,000. 

(5)  Since  300,000  will  not  contain  880,000,  the  secoi 
figure  of  the  root  is  0,  and  the  first  two  figures  are  20. 

(6)  20*  =  3,200,000;  3,500,000  -  3,200,000  =  300,000. 

(7)  20*  X  5  =  800,000;  300,000  -r-  800,000  =  .37,  or  A. 

(8)  20*  with  a  cipher  annexed  =  80,000;  80,000  X  .4 
32,000,  and  800,000+32,000  =  832,000. 

(9)  300,000  -T-  832,000  =  .36,  the  fourth  and  fifth  figure 
Hence,  ^  =  2.036.     Ans. 

(*)     (1)     Pointing  off  into  periods  gives  642'68937. 

(2)  3' =  243;  4' =  1,024;  hence,  the  first  figure  of  tl 
root  is  3. 

(3)  642  —  243  =  31)9 ;  annexing  the  second  period  giv 
39,968,937. 

(4)  3*  X  5  with  four  ciphers  annexed  =  4,050,000;  3*  wii 
four    ciphers    annexed  =  270,000;     the    sum  =  4,050,000 
270,000  =  4,320,000. 

(5)  39,908,937  -h  4,320,000  =  9+.  But  9  is  evident 
much  too  large ;  hence,  try  6,  making  the  first  two  figures 
the  root  36. 

(G)     36"^  =  60,466,176;  64,268,937-60,466,176=  3,802,76 

(7)  36'  X  5  =  8,398,080;  3,802,761  -  8,398,080  =  .45 
or  .4. 

(8)  36*  with  a  cipher  annexed  =  466,560;  466,660  X  .4 
186,624,  and  8,398,080  +  186,624  =  8,584,704. 

(9)  3,802,761  -T-  8,584,704  =  .443,  say  .44. 

Hence,  iJ^268,937  =  36. 44.     Ans. 


MINE   VENTILATION. 

(PA-RX   2.) 


(499)  See  Art.  1002. 

(500)  See  Art.  1004. 

(501)  See  Art.  1005. 

(502)  See  Art.  1006. 

(503)  Using  formula  57, 

,.,     1.3253  X  30.25       „,„_ 

^=      459  +  350      =-Q^^^- 

.0495  X  500  X  3  =  74.25  lb.     Ans. 

*    (504)     Using  formula  57, 

IV  =  ^-^.^^f  .^,f-^  =  .0791  lb.,  nearly.     Ans. 

{SOS)  Using  formula  43,  ^  =  ^?  z/  =  8  x  10  X  800  = 
64,000  cu.  ft.  of  air  at  32''F.  Then,  using  formula  58,  and 
substituting  for  T,  /,  and  v  their  numerical  values  as  given, 
we  have 

459  +  60  =  ^T^.  X  (459  +  32), 


and 
and 


519  = 


64,000 

491 
64,000 

519 


F=.  007672  F, 


y=  "007672  "  ^"^'^^^  ^"-  ^^•»  nearly.     Ans. 

(506)     (a)  Using  formula  67, 

.^__  1.3253  X  29.8  _   ...^..  ,, 
^-       459  +  0       -  '^^^^^^  ^^- 
average  weight  of  1  cu.  ft.  downcast  air ; 

jy_  1.3253  X  29.8  __   ..roo-^x  ih 
^■"     459  +  300     -'^^^^^^^^^'f 

average  weight  of  1  cu.  ft.  upcast  air. 

For  notice  of  the  copyright,  see  puige  immediately  fulltjwing  the  title  page. 
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.080043  X  540  =  40. -40322  lb.  per  sq.  ft.,  pressure   in   down 

cast  column. 
.062034  X  540  —  28.09830  lb.  per  sq.  ft.,   pressure  in  upcast 

column. 

18.30480  lb.  per  sq.  ft.,  difference.     Ans. 

{6)  Using  formula  60,  in  which  we  substitute  for  .077, 
the  average  weight  of  1  cu.  ft.  of  the  downcast  air,  as 
obtained  in  (a),  we  have 

P  =  A^K^roln  X    080043  X  540  =  18.305  lb.     Ans. 

(507)  Using  formula  59, 

^^  =  T^7^F}\  X  200  X  3  =  21!).  78  ft.     Ans. 

45  *J  +  .300 

(508)  See  Art.  10()9.  The  isolation  of  the  ribs  by 
side  drifts.  The  isolation  of  the  roof  by  an  air-space 
between  the  two  arc'.ics.  The  grate  area  must  be  propor- 
tioned to  its  work,  or  vary  inversely  as  the  square  root  of 
the  depth  of  the  shaft.  The  sectional  area  over  and 
around  the  furnace  must  be  proportional  to  the  quantity  of 
air  required. 

(609)     Using  formula  61, 

s  =  —'    —  =  2.15  sq.  ft.  per  horsepower. 

Using  formula  48,  the  horsepower  is 

rr  50,()(M)     X     2    X     5.2  ,-     ^,.    TT       T>  1 

2.15  X  15.70  =  33.884  sq.  ft.     Ans. 

(510)  ((t)  See  Art.  lOll.  Its  object  is  to  isolate 
the  return  air  of  a  gaseous  mine  from  the  flaming  gases  and 
sparks  of  the  furnace. 

(d)  150  feet. 

(511)  wSee  Arts.  1012  and  1013. 

(512)  (it)  Any  mechanical  device  for  producing  an  air- 
current. 


MINE  VENTILATION, 


L(i)  The    centrifugal  fan  and  tht;  steam-jet   arc    familiar 
nples. 

513)      The  must  prominent  typts  of  centrifngal  venti- 
^tors  now  in  use  are  represented   by  the  Waddle,  Schiele, 
Guibal,  and  Capell  fans.     See  Art.  1044. 
(514)     (it)  By  blowing  and  by  exhausting. 
(6)  The  etGciencies  of   each  method  are  practically  the 
same.      See  Art.   1043. 

I  (515)  Blades  curve  backwards  frnni  the  direction  of 
eir  motion,  and  are  so  tapered  that  the  breadths  of  the 
jades  at  different  distances  from  the  center  vary  inversely 
■  their  distances  from  the  center,     See  Art.  1045* 


insists  of  a  central  disk  pro- 
f  blades  Upon  its  two  sides.  Air 
le  fan  is  surrounded  by  a  spiral 
i  air  to  an  evase  chimney.      See 


K(51«)     The  Schiele  fan 
pled  with  duplicate  sets 
^ters  upon  each  side.      ' 
ug,  which  conducts  t 
1046. 

■(517)  It  provides  a  uniformly  increasing  sectional  an 
out  the  fan,  which  gives  a  uniform  velocity  to  the  ai 
irrent  all  around  the  circumference.     See  Art.  1046> 

■  {518)      To  reduce  the  velocity  of  discharge  and  loss 
»rgy.     See  Art.  1042. 

1(519)      See  Art.  1047. 

I(520)      See  Art    1048. 

|i(521)     (1)  It  is  safer  and  (•.!)  it  has  a  uniform  efficiency 

■  deep  and  shallow  mines  alike. 

(522)  The /iirnact'  rarefies  the  air  of  one  shaft  by  heat, 
thus  causing  a  difference  in  pressure,  which  is  the  ventilating 
pressure;  the  /an,  by  exhaustion  or  compression,  creates 
the  difference  in  pressure  between  the  intake  and  discharge 
openings  of  a  mine,      See  Arts,   i«2l  and  1022. 

__  (523)     Using  formula  64, 

v=  la^aAL  =  5i.i  ft.  per  s 


4  MINE  VENTILATION.  §  7 

(524)     The  velocity  of  the  air  entering  the  fan  should 
not  exceed  18  feet  per  second.     See  Art.  1030* 

(626)     See  Art.  1030. 

175,000      ^„  ^^^         .^  ,     . , 

L —  =87,500  cu.  ft.  on  each  side. 

Z 

Using  formula  66, 


(/  =  .  0343  i/87,500  =  10. 146  ft.     Ans. 

(626)  (a)  It  is  the  surface  of  the  imaginary  cylinder 
whose  diameter  is  the  diameter  of  the  port  of  entry  of  the 
fan,  and  whose  length  is  the  breadth  of  the  fan-blades. 
See  Art.  1031, 

(d)  The  diameter  of  the  port  of  entry  and  the  width  of 
the  blades. 

(627)  See  Art.  1030. 

250,000  ,   ,e   r.r..A  r.  U       'J 

—  ^ —  =  125,000  cu.  ft.  on  each  side. 
2  ' 


Using  formula  66,^  =  .0343i/l25,000  =  12.127  ft.     Now, 
using  formula  67,  second  case,  d  =  ^d=  ^  X  12.127  =  6.06 

ft.     Ans. 

(628)     See  Art.  1031. 


./15 


153.*J3S4         ,  .  ,w.      ^-  .  c  r        . 

=  14.0  ft.,  diameter  of  port  of  entry. 


.7854 
Using  formula  67, 

b  =  I  ^/  =  i  X  14  =  3.5  ft.     Ans. 

(529)  See  Art.  1032. 

(530)  See  Art.  1050. 

(531)  See  Art.  1051. 

(532)  That  the  velocity  is  not  too  low.  See  Art. 
1052. 

(533)  {(i)  Too  hii^h  a  velocity  of  the  air-current  renders 
a  safety-lamp  unsafe,  as  the  flame  may  be  blown  through 
the  gauze  of  the  lamp. 

{d)  450  feet  per  minute.     See  Art.  1063* 
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(53-1)     (a)  Doors,  stoppings,   brattices,  cu 
lators,  and  overcasts,  or  bridges. 
(A)  See  Art.  1054. 

K^  (535)     The  water-gauge  or  manometer,  and  the  a 

^Her.      The  waler-gauge  is  used   to  measure  the  difference 

^m  pressure  between  the  intake  and  return  airways.     The 

rHanometer  is  used  (or  the  same  purpose.      The  anemometer 

is   used   to  determine  the  velocity  of   the  current.       See 

Art.  1057. 


1058,  I059,  and  1060. 
I061,  106a,anii  1063. 


^(536)     See  Arts. 

■(537)     See  Arts. 

(538)  Densily  of  air  depends  mainly  upon  two  factors, 
barometric  pressure  measured  by  the  barometer,  and  tem- 
)erature  measured  by  the  thermometer.     See  Art.  10&4. 

■(539)     {a)  Freezing- point  of  water  =  0"  C.  and  32°  F. ; 
Tiling-point  of  water  =  IW  C.  and  212°  F. 
P^)  212*  -  32°  =  180"   F.x^ioo"   C.        Sec   Arts.    1066 
1  1067. 

[{540)     Using  formula  76, 
la)  F  =  \X  350  +  32  =  C30  +  33  =  OliS"  F.     Ans. 
JJ*)  /■=((- 10) +  32=  -18-1-32=14°  F.     Ans. 
1(f)  A=J(-25)-f  32=  -4S  +  3a^  -13°  F.      Ans. 
1(541)     Using  formula  77, 
!{«)  C=  t  (3«5  -  32)  =  j  (333)  =  ISo"  C.      Ans. 
l{&)  £:=!(fi-32)  =  S{-37)  =  -15''C.     Ans. 
((«■)   C=  a- 49-  32)  =  (  (-  81)  =  -  45°  C.     Ans. 
f'(542)     Sec  Art.  1068. 
1,(543)     See  Art.  1069. 
1.(544)     Dip  workings,   because,  as  a  rule,  the  intake  air 


I  cooler  than  the  return  air  from  thi 
l^ural  for  the  heavier,  cool  air  to  flow 
bier  air  to  the  rise.     See  Art.  107  I . 


■orkir 


,  nnd  it  i 


In  the  dip,  and  the 
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(645)  (a)  Positive  air  columns  are  those  whose  weight 
acts  in  the  direction  in  which  the  current  moves. 

{d)  Negative  air  columns  are  those  whose  weight  is 
opposed  to  the  direction  of  the  current.     See  Art.  1070. 

(646)  By  ascensional  ventilation  we  understand  such 
a  method  of  ventilation  that  the  general  course  of  the 
current  will  be  towards  the  rise. 

(547)  The  algebraic  sum  of  the  weights  of  the  positive 
and  negative  air  columns  in  any  mine  is  always  equal  to 
the  weight  of  the  tnotive  column,  or  the  pressure  per  square 
foot  producing  the  flow  of  air.     See  Art.  1072. 

(648)  The  main  feature  in  such  a  case  is  the  manner 
of  splitting  the  air  at  each  pair  of  cross-entries,  when  these 
entries  are  sufficiently  developed  to  warrant  the  expense. 
See  Art.  1074. 

(649)  The  velocity  of  the  divided  current,  which  must 
not  fall  below  3  or  4  feet  per  second  in  non-gaseous  mines 
and  5  or  6  feet  per  second  where  gas  is  given  off.  See 
Art.  1074. 

(660)  In  non-gaseous  mines  the  haulage  roads  should 
be  made  the  return  airways  for  two  reasons.  See  Art. 
1075-  In  gaseous  mines,  haulage  is  done  upon  the  intake 
airway  in  order  to  lessen,  as  far  as  possible,  liability  to 
explosion.     See  Art.  1077. 

(551)  That  the  ventilation  shall  be  ascensional. 

(552)  (1)  The  establishment  of  the  air-current.  (2) 
The  direction  of  the  current  should  not  be  altered,  except 
upon  most  urgent  demand.  (3)  Repairs  of  stoppings,  doors, 
and  brattices  must  be  made  rapidly,  as  no  great  advance 
can  be  made  ahead  of  the  air.     See  Art.  lOSl- 

(663)     See  Art.  1083. 

(554)  Care  must  be  taken  to  begin  sealing  off  a  fire  at 
its  side  next  to  the  return  air,  and  work  towards  the  intake, 
as  then  there  is  less  opportunity  for  the  entrapping  of  pure 
air,  which  would  jj^ive  rise  to  an  explosion  under  certain 
conditions. 


llxNE  SURVEYING  AND  MAPPING. 


W555)  See  An.  1087. 

MS56)  See  Arts.  1091  ami  1093. 

(6S7)  See  Art.  1098. 

(558)  As  11.55  feet.     See  Art.  1093. 

(559)  The  distance  could  be  measured  by  the  ordinary 
method  of  measuring  up  jr  down  liill,  as  explained  in 
Art.  1098,  or  by  measuring  the  actual  length  of  the  slope 
and  multiplying  this  length  by  the  cosliie  of  the  angle  of 
dip  or  rise.     Sec  Art.  1 1<M». 


(560) 
(561) 
(562) 
(S63) 

(5«4) 


See  Art.  I099. 

See  Arts.  HOI  to  1103. 

See  Art.  HOI. 

See  Arts.  1 104  and  1 105. 


The  order  of  the  letters  on  the  face  of  the  com- 
pass is  N-W-S-E  taken  in  a  clockwise  direction,  the  E  and 
W  being  transposed  to  facilitate  the  taking  of  the  bearings. 

»»  Art.  II07. 
<565)     It  is  graduated  to  half-degrees.     See  Art.  1 1 06. 

(566)  See  Arts.  1109aiid  lllO. 

(567)  See  Art.  1111. 

~  SeeArts.  lllZand  1113. 

The  zero  of  the  vernier  has  moved  towards  the 
^t  more  than  one  whole  degree  division,  and  lies  between 
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l**  00'  and  1°  30'.  Reading  towards  the  left  from  the  zero  of 
the  vernier,  we  reach  the  15'  mark  without  having  found  a 
coinciding  line.  We  therefore  begin  at  the  extreme  right  of 
the  vernier  and  read  towards  its  zero.  The  twelfth  mark 
from  the  right  end,  or  the  twenty-seventh  from  the  zero, 
according  to  the  order  followed,  and  which  is  shown  by  the 
top  row  of  figures,  is  the  coinciding  line.  Consequently, 
the  reading  is  1°  00'+  27'=  1^  27'.     See  Art.  1114. 

(570)  Observe,  the  zero  of  the  vernier  has  been  moved 
to  the  left  a  little  more  than  two  whole  degree  divisions  on 
the  limb.  Reading  the  vernier  in  the  direction  opposite  to 
its  motion,  we  observe  that  the  first  line  on  the  vernier 
which  exactly  coincides  with  a  line  on  the  limb  is  the  01' 
line.     The  reading  is,  therefore,  2**  01'.     See  Art.  1115. 

(571)  The  zero  of  the  vernier  has  moved  to  the  left 
over  three  and  one-half  whole  degree  divisions,  and  lies 
between  3°  30'  and  4°.  Reading  the  vernier  in  the  direction 
opposite  to  its  motion,  we  observe  that  15'  is  the  first  line 
on  the  vernier  which  exactly  coincides  with  a  line  on  the 
limb.  The  reading  is,  therefore,  3°  30'+ 15'=  3°  45'.  See 
Art.  1115. 

(572)  The  zero  of  the  vernier  has  moved  to  the  right 
not  quite  two  whole  degree  divisions,  and  lies  between  1°  30' 
and  2°  00'.  Reading  towards  the  left  from  the  zero  of  the 
vernier,  we  reach  the  15'  mark  without  having  found  a 
coinciding  line.  We  therefore  begin  at  the  extreme  right 
of  the  vernier  and  read  towards  its  zero.  The  fourth  mark 
from  the  right  end,  or  the  nineteenth  mark  from  the  zero 
in  the  order  followed  (shown  by  the  top  row  of  figures),  is 
found  to  coincide;  consequently,  the  reading  is  1®  30'+ 
19'  =  1°  49'.     See  Art.  1114. 

(573)  See  Arts.  1116  and  1117. 

(574)  See  Art.  1118. 
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_  '  (575)  For  putting  up  points  by  which  rooms,  or  cham- 
bers, can  be  driven  very  approximately  on  the  proper 
course.     See  Arts.  IIOI  and  1122. 

J     <«7e)     See  Art.  1121, 

^B  (577)  Since  the  butt  entry  runs  N  30"  E,  and  the  rooms 
^Bun  N  20'  W,  the  center  line  of  the  entry  and  that  of  a 
^■Oom  make  an  angle  of  30°+  20°=  50°.  Hence,  y 
^K>plying  formula  78t 

^B  sin  50"      .7(;004 

B  (578)     See  Art.  1131. 

(579)  The  total  latitude  of  a  course  is  the 
distance  its  end  (not  beginning)  is  north  or 
south  of  some  station,  usually  the  first,  to 
which  all  the  courses  of  the  survey  are  referred. 
The  total  departure  of  the  course  is  the  dis- 
tance its  end  is  east  or  west  of  the  same  sia- 
SceArts.  1135  to  1137. 


9:. 


(680)     Let  NS,  Fig.  20,  be  a  meridian,  and 
j1  B  be  the  course ;  then,  its  latitude  = /^/?  = 
37.1  X  cos  22°  =  347.7  feet,  and  its  departure  =  CB 
sin  22"  =  140.5  ft.     Ans.     Sec  Art.  1 1 32. 

1(581) 


BenrliiK. 

Di*. 

Cosine. 

Latilndc. 

Deparlure. 

Urinh. 

Soaih. 

Easl. 

W.-«. 

1^-2 

S  48"  SO'  R 

2117.8 

.1(8835 

.7awT 

143.  BO 

1.50.  r.9 

S-» 

S  74-  30'  R 

■Mta.S 

.2B734 

.9IUUI3 

83,71 

398, 3^ 

3-* 

N  33"  1.V  E 

1S8.0 

.88839 

.r>W39 

157.33 

103.W 

4-6 

N  5«-  00'  W 

376.0 

.OSttlfl 

.S3904 

10434 

328,83 

6-a 

Due  West 

31 S.  5 

.00000 

1.00000 

213.50 

e-i 

S  SI'  54'  W 

IM.H 

.((1704 

.78«78 

81i.fl5 

108.  .18 
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(582) 


ToUl. 

• 

Station. 

Latitude. 

Departure. 

North. 

South. 

East. 

West 

1-2 

142.00 

150.59 

2-3 

225.01 

448. 83 

3-4 

G8. 39 

551.01 

4-5 

85.95 

323.00 

5-G 

85.05 

109.59 

G-1 

* 

(583)  Station  3  has  a  total  south  latitude  of  225.01  feel 
and.a  total  east  departure  of  448.83  feet.     Hence,  its  bear- 

ing  will  equal  the  angle  whose  tangent  is  ■  ,^'  *  =  1.98941. 

225.01 

By  looking  in  a  table  of  natural  tangents,  it  will  be  found 

that    1.98941    corresponds  very  nearly  to   the   tangent  of 

03°  19'.     Therefore,  the  bearing  from  1-3  is  S  03''  19'  E. 

Ans. 

(684)  Care  must  be  exercised  in  calculating  the  total 
latitudes  and  the  total  departures  where  more  than  one 
station  has  been  located  from  the  same  station.  See  Art. 
1  1 38. 

(585) 


:sia- 

tion. 


1-2 
2-:J 
3-4 
4-5 

r)-(; 

0-7 
7-1 


Bcarinjc. 


Dis- 
tance. 


Due  K 

N8    E 

N  HI  ^  W 

Due  S 

s  :u;   W 

S45    E 


ISO 

r)4 

1 25 

Ml) 


N  40  IS  E     r»o.s« 


Cosine. 

Sine. 

Latitude. 

Departure. 

N(»rth. 

Sduth. 

East. 

West. 

.(KKKM) 

l.(K)00() 

130.00 

.91)027 

.13917 

135.07 

19.07 

.1504;^ 

.98709 

29. 10 

183.71 

1.00000 

.00000 

54.00 

.S0002 

.58779 

101.13 

73.47 

.70711 

.70711 

02.93 

62.93 

.7(;2(;7 

.04079 

5:  J.  28 

45.18 

21^.05  218.06  257.18  257.18 
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Sta- 

Bearing. 

Dis- 
tance. 

Cosine. 

Sine. 

Latitude. 

Departure. 

tion. 

North. 

Soath. 

Eaut. 

West. 

1-2 

N  37'  13'  E 

413.6 

.79635 

.60483 

329.37 

250.16 

2-3 

N  10"  56'  E 

246.7 

.98185 

.18967 

242.22 

46.79 

3-4 

S17  23'E 

253.0 

.95433 

.29876 

241.45 

75.59 

4-^5 

S  43  37  E 

216.0 

.72397 

.68983 

156.38 

149.00 

5-6 

S  33  43'  W 

789.0 

.83179 

.55509 

656.28 

437. 9Q 

571.59  1054.11  521.54  437.97 
571.59  437.97 


482.52  83.57 


Station  6  is,  therefore,  482.52'  south,  and  83.57' 
east  of  Station  1. 


Hence, 


83. 57 


-=tangent^l  =  .  17319.    vSeeFig.21 


482.52 

The  angle  A  is,  therefore,  equal  to  0*"  40'+,  and 
the  bearing  from  1-G  is  S  0°  40'  E^ 

The  distance  from  1-0  =  |/482.52'-|-  83.57'  = 
489.7  ft.     Ans. 

(587)  This  disagreement  in  the  readings 
shows  that  the  magnetic  variation  has  changed 
as  much  as  the  difference  between  the  two  read- 
ings, or  30'.  The  variation  has  been  from  west  to 
east;  therefore,  turn  the  vernier  30'  to  the  right, 
and  the  reading  will  be  the  same. 


i'y'A* 


Si 


I 

L. „ 

83.57' 

Fir..  »J1. 
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(588)  They  facilitate  the  calculating  of  latitudes  and 
departures.     See  Art.  1 1 33. 

(589)  See  Art.  1140. 

» 

(590)  The  actual  distance  between  the  two  points  on 
the  surface  =  4. 378  X  200  =  875. r,  ft.     Ans.     See  Art.  1141. 

(591)  The  distance  between  them  on  the  mai)  ==---'-== 

'  ^       i:)0 

3. 585  in.     Ans.     See  Art.  1141. 
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(592)  (a)  See  Art.  1146. 
(6)  See  Art.  1152. 
(c)  See  Art.  1148. 

(593)  See  note,  Art.  1 1 46. 

(594)  Platting  by  bearing  and  platting  by  latitude  and 
departure ;  the  latter  method  is  the  better,  particularly  where 
the  total  latitudes  and  the  total  departures  are  employed. 
See  Arts.  1155,  1156,  and  1162. 

(595)  The  closing  line  of  a  survey  is  the  straight  line 
between  two  points  connected  by  a  survey.  Its  bearing 
and  length  are  determined  as  explained  in  Arts.  1 164  and 
1165. 

(596)  See  Art.  1156. 

(597)  See  Art.  1166. 

(598)  To  find  the  area  of  the  survey,  we  must  calculate 
first  the  area  enclosed  by  the  outside  lines  Af^  N^  (7,  P,  Fig.  22, 


mr.ffsr~"f"45:is 


W.07 


Flo.  22. 


and  from  it  subtract  the  combined  areas  of  yl,  B^  C,  D^  E,  F, 
(r,  and  //.      This  remainder  will  be  the  area  of  the  survey. 
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Square  Feet 
Area  of  rectangle  MN  OP =21S,05x  257. 18=  56,078.10 

A  ^^  •        1       J        62.93  X  62.93  ^  ^„  .^ 

Area  of  triangle    A  = =  1,980.09 

A  IT.  •        1       c      101.13  X  73.47  o  »vi«  At 

Area  of  triangle    B  = =  3,715.01 

Area  of  rectangle  C  =     73.47  X  54      =  3,967.38 

Area  of  triangle    />^  ^^3. 71  X  29.10  ^  2,672.98 

A  ^  ^  •        1       Z7       135.67  X  19.07  ,  ^^,  ^. 

Area  of  triangle    £  = =  1,293. 6x 

Area  of  rectangle  .F=  53.28  X  19.07  =  1,016.05 

Area  of  rectangle  (7  =     130  X  53.28    =  6,926.40 

Area  of  triangle    //=  ^^'^^  X  45.18  ^  1203.60 


Areaof /I  +  i?  +  C+^+^  +  ^  +  <^+^=22,775.12 
The  area  of  the  survey  is,  therefore,  56,078.10—22,775.12= 
33,302.98  sq.  ft.     Ans. 

(599)      In  order  to   calculate  the  area  of  the  survey 


200.16^ 


$3  it  i49.ao' 


Fio.  23. 


shown  in  Fig.  23,  it  will  be  necessary  first  to  determine  the 
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23^94 


95^80 


Fig.  JM 
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area  enclosed  by  the  outside  lines  M N^  NO^  O  P^  and  PM^ 

and  then  subtract  from  it  the  combined  areas  of  ^,  B^  C,  /?, 

E  F^  Gy  and  H. 

Square  Feet. 

Theareaof  J/A^O/^=1,054.11  X  521.54  =  549,760.53 
The  area  of  ^=    ^^^-^^  ^  ^^■^'^    =    ,0,162.10 

rjyu                f  n         '^^'^-^^  X  250.16  .,  ,n»y  pa 

The  area  of  ^  = =    41,197.60 

The  area  of  C  =    250.16  X  242.22  =    60,593.76 
The  area  olD=     242.22x46.79    ^      6,666.74 

The  area  of  £=     ^^^^-^^  X  75.59     ^      9^25.60 

The  area  ofF=    241.45  X  149.00  =    35,976.05 

rru                c  r^         156.38  X  149.00  ,.  ^.^  «, 

The  area  of  6  = =    11,650.31 

At 

rr\%                  p  jT        4o7.97  X  656.^8         -•  jr*  ivi  *-  j<^ 
The  area  of  //=  ^ =  143,715.48 

2  ' 

Total  area  of  A  +B  +  C  +  D  +  E  +  F+G  + //=  328,087.64 

The  area  of  the  survey  is,  therefore,  549,760.53 
-  328,087.64  =  221,672.89  sq.  ft.     Ans. 

(600)  Fig.  24  shows  the  required  plat.  For  details  of 
platting  a  line  by  means  of  the  protractor,  see  Arts.  1143 
to  1146. 

(601)  Fig.  25  shows  the  required  plat.  For  method 
oi  platting  a  broken  line  by  means  of  chords,  see  Art 
1147. 

(©02)  Fig.  26  shows  the  required  line  platted  by  tan- 
gents, as  explained  in  Art.  1  152. 
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(603)  See  Art.  1167. 

(604)  The  advantages  of  the  transit  over  the  vernier 
compass  are  mainly  due  to  the  telescope  on  the  transit,  and 
its  vertical  arc,  by  means  of  which  vertical  angles  can  be 
measured.     See  Art.  1 1 67. 

(605)  A  direct  vernier.     See  Art.  1 168. 

(606)  There  are  four  adjustments  of  the  transit,  which 
should  be  made  whenever  the  instrument  is  to  be  used. 
The  first  adjustment  is  made  to  remove  any  lack  of  level 
that  may  be  in  the  limb;  the  second  is  to  bring  the  inter- 
section of  the  cross-wires  into  the  optical  axis  of  the  tele- 
scope; the  third  is  to  correct  any  derangement  which  the 
standards  may  have  suffered;  and  the  fourth  adjustment  is 
to  make  the  line  of  sight  of  the  telescope  a  level  line  when 
the  bubble  in  the  attached  bubble-tube  is  in  the  center  of 
the  tube.  These  adjustments  are  made  as  explained  in 
Arts.  1171  to  1174. 

(607)  The  reading  is  70"  30'  +  21'.  or  70°  51'.  For  an 
,  explanation  of  the  method  of  taking  this  reading  and  those 
W|f  the  following  three  questions,  see  Arts.  1 1 76  to  1 1 70. 
P    (608)     The  reading  is  2(i3'  +  13'  =  203°  13'. 

(BOB)  The  readings  are  54"  +  23'  =  54°  23',  and  305°  + 
87'  =  306"  37'. 

(610)  The   readings  are   60°   30'  -f  13'  =  60°  43',    and 

110° +  1'!"=^  no"  17'. 

(61 1)  (")  The  horisontal  limb  of  the  instrument  is  the 
rjnrisontal  pUte  carrying  the  small  level  tubes. 


ediatclr  rol1oi>lnK  lli 
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(/;)  The  axis  of  the  instrument  is  the  vertical  line  passing 
through  the  center  of  the  instrument  perpendicular  to  the 
line  of  collimation. 

{()  The  line  of  collimation  is  the  optical  axis  of  the 
telescope. 

{(/)  The  standards  are  the  supports  for  the  horizontal 
axes  of  the  telescope  with  its  attached  level,  and  they  rest 
on  and  are  made  fast  to  the  horizontal  limb.  See  Arts. 
11 68  and  1169. 

(612)  A  horizontal  angle  measured  from  any  point  to 
two  objects  is  the  angle  included  between  two  vertical  planes 
passing  through  the  point  and  the  objects.  It  may  also  be 
defined  as  the  horizontal  projection  of  the  angle  formed  by 
drawing  lines  from  one  point  to  two  other  points.  The 
method  of  measuring  horizontal  angles  is  explained  in 
Art.  1180. 


(613)  See  Art.  1181. 

(614)  i^r)  NE.      (d)  E.     (c)  S  E.      (rf)  S. 
(/)  W.     (aO  N  W.     (//)  N.     See  Art.  1182. 

(615)  See  Art.  1183. 


{e)  SW. 


Stations. 

Azimuths  with 
AB. 

Bearings  with 
AB, 

A 
B 
C 
D 
R 

0° 

35°  30' 

110°  30' 

$i70°  00' 

330°  45' 

Due  North 

N  35°  30'  E 

S  69°  30'  E 

Due  West 

N29°15'W 

(616)  If  the  given  first  course  A  B  is  not  really  a  north 
and  south  line,  its  magnetic  bearing  must  be  obtained  by 
the  compass,  and  then  the  magnetic  bearings  of  the  suc- 
cx'cding  courses  can  be  calculated   by  adding  the  magnetic 
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fRarin^  of  A  B  to,  or  subtracting  it  from  (as  the  case  may 
be),  the  azimuths  of  the  given  courses,  according  as  the 
magnetic  bearing  of  A  B  is  N  E  or  N  W  of  the  meridian  or 

lorth  and  south  line.     See  Art.  1183. 

|(617)  See  Art.  1181. 

H618)  See  Art.  I200. 

E(619}  Bee  An.  1 209. 

H620)  See  Art.  1190. 

K(921 )     The  magnetic  readings  are  taken  merely  to  check 
6  azimuth,  readings.     See  Art.  1 191. 

((022)     (rt)  A  one-degree  curve  is  one  on  which  a  IftO- 

chord  will  subtend  a  central  angle  nf  one  degree. 

P(i)     A  five-degree  curve  is  one  on  which  a  lllO-foot  chord 

^I  subtend  a  central  angle  of  five  degrees.    See  Art.  1 1 99> 

H623)    See  Arts.  1 2 1 8  to  1 223. 

0(624)     See  Arts.  1225  to  1230. 

F(825)  There  is  not  only  danger  of  the  timber  being 
lore  or  less  displaced  by  the  overlying  weight,  but  it  Is 
isible  that  the  timbermen  may,  in  repairing  the  cross-bar 
collar,  so  displace  the  station  that  the  displacement 
Mild  not  be  noticed.  In  this  case,  all  work  run  from  such 
[station  would  be  wrong.  It  is  belter  to  have  a  station 
ttroyed  entirely  than  to  have  it  displaced  in  such  a  way 
t  it  would  not  be  noticed.     See  Art.  1228. 

■  (G26)     See  Arts.  1184  and  118S. 

(627)     They  are  technically  called  tangents.     See  Art. 
U94. 


■628)     The   degree   of  a 
tral  angle  subtended  by  a 
1199. 


curve    is   determined   by  the 
chord  of  100  feet.      See  Art 
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(629)  See  Art.  1 207. 

(630)  A  right-angled  glass  prism  placed  at  the  end  of 
the  telescope.     See  Art.  1 222. 

(631)  See  Art.  1205. 

(632)  24°  30' =  24.5°.     Hence,  there  will  be  as  many 

hundred-foot  lengths  in  the  curve  as  5  is  contained  in  24.5°, 

24  5° 
or  — ^  =  4. 9  lengths  =  490  ft.     Ans.     See  Art.  1 206. 

(633)  See  Art.  1201. 

(634)  Applying  formula  80, 

T=RtSLn  i/z=  819.02  X  tan  ^  =  819.02  X  .32492  = 

266.12  ft.     Ans. 

The  value  of  R  for  a  7°  curve  is  found  in  the  table  of 
Radii  and  Deflections. 


(635 
(636 
(637 

(638 
(639 
(640 


See  Art.  1 1 88. 

See  Art.  11 96. 

See  Arts.  1 1 86  and  1 1 89. 

See  Arts.  1215  and  1216. 

See  Art.  1192. 

Applying  formula  81, 

a  =  -jj  =  -—  =  -—=:  l,S  ft,     Ans. 
K        45       45 


IS 


(641)     The  deflection  angle  for  100  feet  on  a  6°  30'  curve 
=  3°   15' =  105';    hence,    the   deflection   angle  for 


2 


195' 


1  foot  on  the  same  curve  is  ■— -  =  1.95',  and  for  48  feet  it  is 
1.95'  X  48  =  93.0'  =  1°  33'  36'.     Ans.     See  Art.  1205. 
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They  are  QsuaUy  desi^ated  as  carves  ot  so  many 
t  radios.     See  Art.  1215. 

See  An.  1203. 

See  Art.  1205. 

^  (&45)     Since  the  deflection  an^te  for  a  10°  curve  is  S", 

5  stations  100  feet  apart  could  be  located  vith  the  transit  at 

the  P.  C.  of   the  cttr^-e,  because  */  —  S.     To  locate  other 

^^tations,  the  transit  should  be  moved  up  to  the  last  station, 

^Bsd  the  vernier  plate  firmly  clamped  at  a  reading  of  360° 

^B  %5°  =  335°.    A  backsight  should  then  be  taken  to  the  P.  C. 

^^feation,  being  careful  to  beep  the  vernier  plate  clamped,  and 

the  line  of  sight  of   the  telescope  made  to  cut   the  P,  C. 

station  by  means  of  the  lower  tangent  screw.     The  vernier 

clamp  is  loosened   and   the  instrument  made  to  read  0°,  at 

which  reading  the  line  of   sight  of   the  telescope  will   be 

tangent   to  the  curve.     From  this   point   the  operation  is 

Jie   same   as  starting  from   the  P.  C,  of   the   curve.     See 

1206. 

t(e46)     A   9"   curve   has    a    radius   of    G37.27   ft.     See 
linble  27.     Hence,  applying  formula  81, 
f'_    120'    _  14,400  _ 
'  Ji  ~G37.27~  G37.27" 
Uso,  applying  formula  82, 
_   f*  _        120'        _  14.400 
~%Ii~%X  637.27  "1,374.64" 

Dfe47)    See  Art.  1231. 

U648)     See  Art.  1237. 

^649)  It  is  best  to  use  large  numbers  for  stations  in  the 
Biine;  for  if  a  station  is  partly  obliterated,  it  is  more  easily 
deciphered  when  marked  with  a  large  number  than  when 
marked  with  a  small  number.     See  Art.  1232. 


.  nearly.     Ans. 


-  =  11.3  ft.,  nearly,     Ans, 


Hd[650)     Se 


See  Art.  1233. 
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(651)  vSee  Art.  1235. 

(652)  Fig.  29  shows  the  platted  survey  and  a  vertical 
section  through  Sta.  1  and  the  face  of  the  tunnel. 


FOM 


N.ie°20'S, 


Vertical  Section  through  line  I -Face. 


Face 


**i^HX 


Plan. 


Fig.  sr.>. 


StJition. 

BcarinjJT. 

Ois- 
taiice. 

Cosine. 

1-2 

S  3f»    50'  W 

99. 1 

.Hoo:w 

2-3 

S  49    47'  W 

104.2 

.(;450H 

3-4 

S  40    00'  W 

37.1 

.70004 

4-5 

S    4    55   E 

50.5 

.99032 

5-  0 

S  71    15'  E 

40.0 

.32144 

6-Face 

S  77^  30'  E 

40.7 

.21044 

Latitude. 

Departure. 

Sine. 

North. 

South. 
79.32 

East. 

West. 

59949 

59.41 

70301 

67.28 

79.57 

04279 

28.42 

23.85 

08571 

56.29 

4.84 

94093 

14.79 

43.56 

97030 

8.81 

39.74 

OOO.(M)  254.91    88.14    162.83 
000.00  88.14 


254.91 


74.69 


§» 
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{a)  The  face,  therefore,  is  254.91  feet  south,  and  74.69 
feet  west  of  Sta.  1.  Hence,  its  bearing  from  Sta.  1  is 
found  thus: 

74.  fiO 

=  tangent  of  bearing  =  .29300  =  tan  1G°  20'. 

/e04.  91 

Hence,  the  bearing  is  S  10''  20'  W  from  Sta.  1  to  face  of 
tunnel,  or  N  10°  20'  E  from  face  of  tunnel  to  vSta.  1. 

The  distance  from  Sta.  1  to  face  =  |/254.9r  +  74.09'  = 
265.63  feet.     Ans. 


Station. 

Dis- 
tance. 

1-2 

99.1 

2-3 

104.2 

3-4 

37.1 

4-5 

56.5 

5-6 

46.0 

0-Face 

40.7 

In  the  Tunnel. 


Vertical 
Angle. 


+  1°  18' 
+  0°  31' 
+  0°  45' 
-  0°  34' 
+  3°  37' 
+  r  30' 


Vertical 
Height. 


+  2.25 
+  0.94 
+  0.49 
-0.50 
+  2.91 
+  2.49 


On  the  Surface. 


Vertical 
Angle. 


lO   or-' 


o' 


t^r 


+  10"  35 
+  15°  43 
+  14°.27 
+  10°  17' 
+  12°  21' 
+  13°  50' 


Vertical 
Height. 


+  18.52 

+   9.  or; 

+  10.50 
+  10.07 
+  10.10 


Total, 


+  8.52 


+  94.07 

o.  Ov 


{b)  Depth  of  face  below  surface  =  85.55  ft. 

Ans. 

(r)  The  vertical  angle  from  Sta.  1  to  a  point  on  the  sur- 
face vertically  over  the  breast  is  found  thus: 


94.07 


-  =  0.35414  =  tan  19°  30'; 


265.63 
hence,  19°  30'  is  the  vertical  angle.     Ans. 
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{65S)     See  An.  1238. 

(656)  See  Art.  123». 

(657)  The  best  method  of  keeping  notes  in  leveling 
is  the  raethixl  known  as  "height  of  instrument."  For 
explanation  of  this  method,  see  Art.  12-18. 

(658)  See  Art.  1258. 

(659)  When  only  the  elevation  between  two  points  is 
[uired,    the   operation   of   leveling   is   very   simple.       The 

level  is  set  up  near  one  of  the  points  and  a  reading  taken 
on  the  rod  placed  upon  the  point  of  starting,  which  is 
assumed  to  have  a  certain  height  above  the  datum  line. 
The  height  of  the  instrument  is  then  determined,  and  a 
sight  taken  to  the  rod  placed  as  far  in  the  direction  in 
which  it  is  decided  to  run  the  line  of  levels  between  the  two 
points  as  it  will  be  possible  to  take  a  reading  upon  the  rod. 
The  level  is  then  moved  in  the  proper  direction  as  far  past 
this  point  as  it  will  be  possible  to  get  a  reading  upon  the 
rod  still  held  upon  the  point  last  located.  The  height  of 
the  instrument  is  again  determined,  and  a  sight  taken  to  the 
rod  moved  beyond  the  level  as  before.  This  process  is 
continued  until  a  reading  is  obtained  on  the  rod  placed  upon 
the  last  point.  The  last  reading  taken  from  the  last  height 
of  instrument  will  be  the  elevation  of  the  last  point  above 
the  datum  line;  then  the  difference  in  the  elevation  of  the 
two  points  will  simply  be  the  difference  of  their  heights 
the  datum  line.  Throughout  the  entire  operation 
ings  are  taken  on  turning  points  only.     See  Art.  1 249> 

See  Arts.  1251  and  1252. 

See  Art.  1241. 

§10 
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(662)  See  Art.  1 247. 

(663)  See  Art.  1 240. 

(664)  The  slight  curvature  in  the  bubble-tube.  The 
less  the  curvature  the  more  sensitive  the  level.  See  Art. 
1241. 

(665)  This  is  done  for  uniformity,  or  so  that  by  adding 
algebraically  the  backsight  to  the  elevation  of  the  turning 
point,  the  height  of  instrument  is  determined,  or  by  adding 
algebraically  the  foresight  to  the  height  of  instrument,  the 
elevation  of  the  last  point  is  determined.     See  Art.  1 248. 

(666)  See  Art.  1 238. 

(667)  See  Arts.  1242  to  1244. 

(668)  See  Art.  1 257. 

(669)  The  object  of  a  topographical  survey  is  to  deter- 
mine accurately  the  irregularities  of  the  surface  for  the 
purpose  of  making  a  map  on  which  such  irregularities  will 
be  plainly  shown.     See  Art.  1 258. 

(670)  See  Art.  1258. 

(671)  Level  notes  are  checked  by  adding  algebraically 
the  foresights  to  the  backsights.  This  sum  should  equal 
the  difference  in  elevation  of  the  first  and  the  last  station. 
See  Art.  1 248. 

(672)  See  Art.  1254. 

(673)  See  Art.  1259. 

(674)  The  leveling  operations  can  only  be  checked  by 
repeating  the  work.     See  Art.  1250. 

(675)  See  Art.  1246. 

(676)  See  Art.  1241. 

(677)  The  stations  which  are  at  regular  distances 
apart  are  numbered  consecutively,  beginning  at  0  and 
running  up.  A  station  between  two  regular  stations  is 
marked  with  a  plus  sign  between  the  number  of  the  regular 
station  immediately  preceding  it  and  the  number  of  feet 
beyond  the  same  station.     Thus,  a  station  between  Stations 
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ind  i,  ami  36  feel  beyond  Statimi  3,  wmild  bt-  marked  as 
ition  3+  35.     See  Art.  1247. 

(678)  A  general  map  of  the  mine,  the  property  on 
hich  it  is  located,  and  the  surface  arrangements  enables 
one  to  see  at  a  glance  the  relative  positions  of  the  entries 
and  rooms  of  the  mine  to  the  property  lines,  buildings,  or 
ies  of  water  on  the  surface.  See  Art.  1264. 
^(679)  Buildings  or  other  objects  are  located  either  by 
ing  rights  and  lefts  from  some  established  line,  or  by 
sighting  to  them  with  the  transit,  and  measuring  the  dis- 
tances over  the  lines  of  sight.     See  Art.  1  2H8. 

(680)  It  enables  the  engineer  to  determine  the  probable 
area  underlaid  with  coal,  as  well  as  to  determine  the  relative 
positions  of  the  entries,  room,  etc.,  with  the  outcrop.  See 
Art.  1267. 
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(686)     (a)  Referring  to   Fig.  30,  it   will   be   seen   that 
AB  +  BC  =  the  depth  of  the  shaft. 

AB=1S0X  tan  43°  =  180  X  .93252  =  167.85  ft. 
10  10 


BC  = 


sin  47°       .73135 


=  13.67  ft. 


Hence,  the  depth  of  the  shaft  =  167.85  +  13.67  =  181.52  ft. 

Ans. 

(d)  The  distance  on  the  pitch  from  the  foot  of  the  shaft 
to  the  level  of  the  haulage-road  in  the  underlying  seam  is 
equal  to  CF. 


CF=  Va  C"+  a  F"  =  ^/{ACy+{AG+GF)\ 


GF=-, 


10 


sin  43 


oo 


10 
.682 


=  14.66  ft. 


Therefore,  A  F  =  A  G  +  G F=  1S0  +  U.(j6  =  194.66  ft. ; 
hence,  CF=  4/181.52'+ 194.66'  =  266. 16  ft.     Ans. 


(687)     In  the  right-angled  triangle  ABC,  Fig.  31,  we 
have  given  the  angle  C/i^=30°.     To  find  the  length  of 

A  B,  we  have 

t2inCAB  =  ^,  or  AB=       ^^ 


AB'  tan  CAB' 

Assuming  CB  to  equal  1  foot,  and 
substituting, 

1  1 


AB  = 


=  1.732. 


tan  30°      .57736 

Fig.  31.  In  the  right-angled  triangle  ABE, 

we  know  the  length  of  ^ /?,  and  also  the  horizontal  angle 
BAE=  30°.     To  find  the  length  of  A  E,  we  have 

AB 


A  B 
cos  B  A  E  =  -ir-f^,  or  A  E  =z 


AE' 


cos  B  A  E' 


Substituting,  we  have 

AE  = 


1.732  __  1.732 
cos  30°  ~  .866 


=  2. 


» 
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1  the  triangle  A  E  D,  AJi  =  i  feet,  and  D  Ji  =  C  P>  = 
ifooi.  Hence,  to  find  the  angle  DA  E,  which  is  the  pitch 
f  the  rooms,  we  have 

I)  F 
tun  DA  £=~  =  ^^. 5, 

llich  corresponds  to  26°  34',  nearly,     Ans. 
r(088)     The  dimensions  of  a  claim,  as  allowed   by  the 
United  States  Mineral  Laws,  are  1,5('0  feet  in  thu  direction, 
I  the  strike,  of  the  vein,  and  :iO(t  feet  on  each  side  of 
jje  middle  of  the  vein  at  the  surface.     See  Art.  1269. 
(H89)     The  general  principles  in  surveying  metalliferous 
lines  are  the  same  as  in  surveying  coal  mines.      The  differ- 
ices  are  only  in  the  details.     See  Art.  1 274. 
(680)      Four  drawings    are   necessary    to  represent   the 
)rkings  of  a  metalliferous  mine:  (1)  the  surface  plan;  (2) 
le  working  plan;  (:j)  a  longitudinal  section;  (4)  a  transverse 
tion.     See  Art.  1274. 

(691)  See  Art.  1274. 

(692)  See  Art.  1274. 

(693)  See  Art.  1274. 

(694)  See  Art.  1274. 

(695)  When  the  lode  is  very  nearly  flat,  the  longitu-. 
dinal  section  is  made  along  the  lode.      See  Art.  1  274. 

(696)  The  datura  line  is  assumed  to  be  1U.397  (ect 
below  the  first  bench-mark. 

The  level  must  be  in  perfect  adjustment.  It  is  then  set 
up  in  some  convenient  place,  and  the  reading  of  the  rod  is 
taken  on  the  bench-mark.  It  is  equal  to  4.570  feet,  and  is 
recorded  in  the  notes  in  the  plus  or  backsight  column  oppo- 
site B.  M.  As  the  B,  M.  is  assumed  to  be  !)1.39'?  feet  above 
the  datum  line,  the  height  of  the  instrument  (or  line  of 
coUiraation)  above  this  datum  will  be  91.S97  + 4.676  = 
98.073  feet. 

The  unit  of  measurement  in  the  column  of  distances  is 
100  feet.     Readings  are  taken  at  intermediate  points  (as  at 
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340  and  670  feet  in  this  example)  where  there  are  any  abrupt 
changes  in  the  inclination  of  the  surface. 

Station  1  is  a  turning  point,  T.  P.  The  reading  of  the 
rod,  held  vertically  on  it,  is  3.726  feet.  This  reading  is 
recorded  as  a  minus  sight,  and  the  surface  height  is  the 
difference  between  95.1)73  and  3.726  =  92.247  feet. 

The  levelman  now  goes  forward  as  before,  sets  up  his 
instrument  in  a  convenient  place,  levels  it  and  takes  a  back- 
sight upon  the  rod,  the  target  reading  being  taken  to 
thousandths.  The  height  of  instrument  will  be  the  eleva- 
tion of  the  T.  P.  plus  this  reading,  which  is  on  that  account 
recorded,  as  in  the  notes,  as  a  plus  sight. 

The  height  of  instrument  is,  therefore,  92.247  +  5.420  = 
97.667  feet. 

The  rodman  now  goes  forward  with  the  rod,  and  sets  it 
upon  Station  2,  while  the  levelman  sights  to  it  without 
changing  his  former  position.  This  reading  is  recorded  as 
a  minus  sight,  and  by  subtracting  it  from  the  height  of 
instrument  at  the  last  turning  point,  we  obtain  the  surface 
height;  thus,  97.667  -  4.5  =  93.167  feet. 

Station  3  is  a  turning  point,  T.  P.  The  reading  of  the 
rod  on  it  is  3.170  feet,  whence  the  surface  height  =  97.607 
_  3.170  =  94.497  feet.  The  levelman  goes  forward,  back- 
sights upon  the  rod,  and  has  the  target  set  so  that  the  reading 
can  be  taken  to  thousandths.  The  height  of  the  instrument 
is,  therefore,  94.497  +  4.910  =  99.407  feet. 

The  rodman  goes  forward  with  the  rod,  sets  it  upon 
Station  3  +  40,  and  the  levelman  sights  to  it  from  his 
former  position.  The  reading  4.9  feet  is  recorded  as  a 
minus  sight,  and  the  surface  height  is  found  to  equal 
99.407  -  4.9  =  94.507  feet. 

Station  4  is  a  turning  point,  T.  P.  The  reading  of  the 
rod  upon  it  is  6.3S6  feet,  whence  the  surface  height  = 
99.407  -  6.386  -  93.021  feet. 

The  levelman  goes  forward,  backsights  upon  the  rod,  and 
has  the  target  set  so  that  the  reading  can  be  taken  to 
thousandths.  The  height  of  the  instrument  is,  therefore, 
93.021  +  3.380  -  96.401  feet. 


§10 
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(697) 


F.  S.- 

Height  of 
Instru- 

Distances. 

B.S.-4- 

Interme- 

Elevations. 

ment. 

T.  P. 

diate 
Sights. 

B.  M. 

4.576 

95.973 

91.397 

100  T.  P. 

5.420 

97.667 

3.726 

92.247 

200 

4.5 

93.167 

300  T.  P. 

4.910 

99.407 

3.170 

94.497 

340 

4.9 

94. 507 

400  T.  P. 

3.380 

96.401 

6.386 

93.021 

500 

4.6 

91.801 

600  T.  P. 

2.760 

93.761 

5.400 

91.001 

670 

3.1 

90.661 

700 

3.8 

89.961 

800  B.  M. 

6.925 

86.836 

Total,    H 

h  21.046 

-  25. 607 

Diffc 

+  21.046 

srence  =    —    4.561 
+  91.397 

Proof  of  the    cor- 
rectness. 

+  86.836 

(698)  Pig.  32  is  a  profile  made  from  the  notes  in 
example  696,  after  calculating  the  elevation  of  each  station. 

(699)  See  Arts.  1 262  and  1 263. 

(700)  The  best  method  of  platting  the  notes  for  a  mine 
map  is  to  plat  the  main  passages  by  means  of  total  latitude 
and  total  departure,  and  the  rooms  or  chambers  by  means 
of  the  protractor.  This  method  possesses  both  the  advan- 
tage of  accuracy  and  of  rapidity.     See  Art.  1 268. 

(701)  See  Art.  1251. 

(702)  Its  proper  location  is  determined  by  a  careful 
examination  of  the  notes.     See  Art.  1 268. 
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(703)  See  Art.  1255. 

(704)  Begin    traversing   the    transit   notes   by  ruling 
eleven  columns,  and  head  them  as  shown  in  Art.  1137. 


s 


i 


Ok 


i 


s 


a 


s 


s 


8 


M 


2 


3    3.4        4 

Fig.  Si. 


6 


ar  7 


Fill  in  the  stations  and  courses  as  given  in  the  question,  and 
then  reduce  all  districts  measured  on  an  inclination  to  hori- 
zontals by  multiplying  their  measured  length  by  the  cosine  of 
the  angle  of  inclination;  then,  fill  in  the  column  of  distances. 
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,  multiply  each  horizontal  distance  by  the  cosine  and 
the  sine  of  its  course  (bearing),  the  products  being  the 
latitude  and  the  departure,  respectively.  Place  these  in 
their  proper  columns. 

Calculate  the  /f/a/ latitudes  and  the  /u/a/ departures  with 
reference  to  Sta,  302  as  the  initial  station. 

Begin  the  platting  by  drawing  two  lines  at  right  angles, 
their  intersection  being  the  position  of  Sta.  302.  Measure 
on  the  meridian  line  a  distance  north  equal  to  the  total 
latitude  of  Sta.  303,  which  is  17.13  feet,  and  mark  the  point. 
Measure  due  east  from  this  point  a  distance  of  241,74  feet, 
and  mark  the  point,  which,  if  no  error  has  been  made,  is 
the  proper  location  of  Sta.  303.  To  check  the  correctness 
of  this  location,  measure  the  distance  from  the  point  to 
Sta.  302,  and  if  it  scales  M2.S5  feet,  as  nearly  as  can  be 
judged,  the  work  is  correct. 

Plat  and  check  each  of  the  other  stations  in  precisely  the 
same  manner,  joining  consecutive  stations  by  straight  lines, 
thus  forming  a  skeleton  upon  which  the  side  notes  are  built. 

Before  platting  these  side  notes  reduce  the  distances  on 
the  tape,  where  the  side  measurements  were  taken,  to  hori- 
zontal lengths.  For  this  purpose  a  traverse  table  is  very 
convenient,  as  it  is  sufficiently  exact  to  take  the  vertical 
angle  to  the  nearest  even  quarter  degree  and  the  distance  to 
the  nearest  foot.  For  example,  the  sight  from  Sta.  321  to  face 
was  on  an  inclination  of  10°  40'.  The  nearest  quarter  degree 
is  16"  45',  and  a  traverse  table  gives  the  horizontal  distance 
for  the  side-note  distancesoE  48,  56,  GO,  144,  152, 100,  and  171 
feet,  as  46,  54,  63,  138,  146,  153,  and  164  feet,  respectively. 

Plat  the  gangway  side  notes  first,  beginning  at  Sta.  302. 
On  the  line  joining  302  with  303,  mark  off  to  scale  points 
51,  at,  122,  141,  etc..  feet  from  Sta.  302.  At  these  points 
measure  to  scale  right  and  left  the  distances  given  in  the 
notes.  Where  "chutes"  are  indicated,  sketch  them  in  at 
once,  and  from  their  corners  draw  lines  (free-hand)  through 
the  other  points  located  to  the  next  corner  of  a  chute. 
Locate  all  side-note  distances  at  rr'^/it  angles  to  the  line  of 
sight  When  all  the  side  notes  (gangway  and  chambers) 
have  been  platted,  the  work  is  complete,  as  shown  in  Fig.  33. 
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iCONOMIC  GEOLOGY  OF  COAL 


70S)     Si!«  Alt.  1 279. 
H706)     See  Art    1297. 
H707)     Sec  Art.   I302. 
|(708)     (»)  and  (S)  See  Art.  1332. 
'  (709)     Deposits  of  coal  in  the  Sub-Carboniferotis  period 
arc  called  false  ctjal  measures.     (Art.  1340.) 
(7IO)     Mandfi)  See  Art.  1341. 
Sec  Art.  I3S1. 
See  Aru.  1315  and  13S2. 
See  Art.  1325. 
See  Art    I308. 

{a)  See  Art.    1338.     {i)    No;    tbere.were   no 
materials  for  the  formation  of  txiaj  daring  the  Silarian  Age 
on  the  American  continent. 
1716)     See  Art  1348. 
;717)     See  Arts.  1 345  and  1347. 

(718)  No.  21.  Fig.  3:5.  is  a  trilobite. 

(719)  No    rale   can    be    given    for    determining  the 
displacement  of  a  fault     (Art.  1320.) 

laO)  (»)  and  (»)  See  Art  1305. 
IrZl)  («)and(*)  See  Art.  1341. 
722)     See  Art  1350. 

i  11 


1^ 


2       ECONOMIC  GEOLOGY  OF  COAL.     i  11 

(723)  The  Acadian  epoch.     (See  Art.  1336.) 

(724)  Pennine  fault.     (See  Art.  1324.) 

(725)  See  Art.  1311. 

(726)  The  Silurian.     (Art.  1339.) 

(727)  Using  formula  83,  Art.  1287, 

r^50.G8  +  '^"VJf^-^==03.78°.      Ans. 

(728)  (a)  Sec  Art.  1330.  (/^  I^awn  of  animal  life; 
old  life;  middle  life;  recent  life;  era  of  mind.  (See  Art 
1331.) 

(729)  (a)  and  {I?)  See  Art.  1349. 

(730)  The  Corniferous.  (See  Geological  Chart  foi 
North  America.) 

(731)  (^)  The  mountain  limestone  belongs  to  the  Lowei 
Carboniferous  epoch. 

(ff)  The  millstone  grit  belongs  to  the  coal  measures.  (Sec 
Geological  Chart.) 

(732)  {a)  and  (/^  See  Arts.  1340  and  1355. 

(733)  See  Arts.  1296  and  1307. 

(734)  Sec  Art.  1309  and  glossary,  Art.  1382. 

(735)  No.     (See  Art.  1300.) 

(736)  We  should  follow  the  life  system  rather  than  the 
rock  system.     (See  Art.  1 330.) 

(737)  vSee  Art.  1350. 

(738)  No.     (See  Art.  1365.) 

(739)  See  Art.  1339. 

(740)  No. 

(741)  The  Silurian.     (Art.  1336.) 

(742)  (^0  and  (/;)   See  Art.  1288. 

(743)  See  Art.   1304. 

(744)  See  Art.  1340. 
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(745) 

(746) 

(747) 
939.69  ft. 

(748) 

(749) 

(750) 

(751) 

(752) 

(753) 

(754) 

(755) 

(756) 

(757) 

(758) 

(759) 


See  Art.  1316. 

See  Art.  1 343. 

Thickness  *  r  =  rt:  *  X  sin  70°  =  1,000  X  .93969  = 
Ans. 


See  Art.  1311. 

See  Arts.  1344  and  1345. 

(a)  See  Art.  1 339.     (d)  No. 

Fossils  of  fishes.     (Art.  1 339.) 

See  Art.  1 359. 

No.     (Art.  1339.) 

See  Art.  1325. 

See  Art.  1320. 

See  Art.  1 296. 

Yes.     (See  Art.  1307.) 

2,000.     (See  Art.  1353.) 

Pennsylvania,  Virginia,  Kentucky,  and  Indiana. 
(See  Geological  Chart.) 

(760)  {a)  and  {f?)  See  Arts.  1 281 , 1 282,  and  1 283. 

(761)  Anticlinal  axis.     (Art.  1300.) 

(762)  See  Art.  1303. 

(763)  See  Art.  1312. 

(764)  (a)  and  (d)  See  Art.  1327. 

(765)  See  Art.  1353. 

(766)  See  Art.  1341. 

(767)  See  Art.  1307. 

(768)  No.     The  dip  may  be  inclined  in  either  side  of 
the  line  of  strike.     (See  Art.  1299.) 

(769)  See  Art.  1291. 

(770)  See  Art.  1316. 


4  ECONOMIC  GEOLOGY  OP  COAL.     §  11 

(771)  See  Art.  1364. 

(772)  See  Arts.  1308  and  1310. 

(773)  (a)  and  (d)  See  Art.  1300. 

(774)  The  rocks  of  the  Cretaceous  period  are  less  fre- 
quently metamorpbic  than  the  older  rocks.  (See  Art 
1363.) 


Prospecting  for  Coal  and  Location 

OF  Openings. 


(775)  See  Art.  1383. 

(776)  See  Art.  1390. 

(777)  See  Arts.  1424,  1433,  and  1434. 

(778)  See  Art.  1447. 

(779)  See  Art.  1434. 

(780)  The  presence  of  coal  is  determined  by  boring. 
(See  Art.  1397.) 

(781)  (a)  From  No.  3  to  No.  2  rise  =  275  ft.  -  2G0 
ft.  =  15  ft.  15  ft.  in  540  ft.  or  1  in  V/  =  30  ft.  From  No. 
2  rise  to  No.  4  will  be  V/  =  26f  ft. ;  200  ft.  —  2GJ  ft.  = 
233i  ft.     Ans. 

(*)  From  No.  2  to  No.  1  rise  =  200  ft.  —  180  ft.  =  80  ft 

80  ft.  in  1,500  ft.,  or  1  in  ?^|^  =  18.75  ft.       From   No.  2 

vein  rises  towards  No.  1,  1  in  18.75,  and  it  will  rise  to  level 
of  No.  4,  or  26f  ft.,  in  going  18.75  x  20J  =  500  ft.     Ans. 

(c)  From  No.  2  vein  will  fall  in  the  opposite  direction  at 
same  rate,  1  ft.  in  18.75  ft.,  and  it  will  fall  to  the  level  of 
No.  3,  or  15  ft.,  in  going  18.75  X  15  =  281.25  ft.     Ans. 

(a)  True  dip  is  at  right  angles  to  the  line  of  strike.  We 
first  find  the  length  of  the  line  x  j%  in  which  the  vein  falls 
260  ft.  —  233J  ft.  =  26f  ft.  Thus,  tan  a  =  ^^  =  .52083  ; 
hence,  angle  a  =  27°  30';   then,  ^/  =  900  x  sin  ^  =  960  X 
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sin  27°  30'  =  900  X  .40175  =  443.28  ft. 

443  28 
,,  '       =  1G.03,  or  dip  =  1  ft.  in  16.63  ft. 
26f 

(e)  See  Fig.  34. 


And  true  dip 
Ans. 


ISO  ft 


pio.:s4. 


(782)  See  Art.  1386. 

(783)  See  Art.  1441. 

(784)  See  Art.  1437. 

(785)  See  Art.  1406. 

(786)  See  Art.  1394. 

/^c^\     o       vc  •.         Weight  in  air  530 

(787)  Specific  gravity  =    ^,.J; =  = 

^  ^       ^  b  /         Difference  530  —  105 

-  -  =  1.247.     Ans. 
42o 

(788)  Depth  of  bore  hole  =  550  X  tan  46°  20'  =  550  X 
1.04700  =  570.2  ft.     Ans. 


(789)     See  Art.  1384. 
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AND  LOCATION  OF  OPENINGS. 


(See  Art.  1410.) 


(790)  See  Arts.  1398  and  1399. 

(791)  See  Art.  1437. 

(792)  See  Art.  1392. 

(793)  See  Arts.  1424  and  1434. 

(794)  See  Arts.  1449  and  1462. 

(795)  See  Art.  1436. 

(796)  See  Art.  1396. 

(797)  30°  and  120°  to  150". 

(798)  See  Art.  1418. 

(799)  See  Art.  1442. 

(800)  See  Art.  1 398. 

(801)  See  Arts.  1385  and  1389. 

(802)  See  Art.   1396. 

(803)  See  Art.  1421. 

(804)  See  Arts.  1408  and  1412. 

(805)  See  Art.  1393. 

(806)  See  Art.   1432. 

(807)  (1)     One  acre  =  43,5G0  sq.  ft. 

4:^r)(;o  x  4.V=  100,020  cu.  ft. 

Weight  of  coal  =  11)(;,020  x  02.35e5  X  14  =  17,111,958  lb. 

17,111,058  -r-  2,000  =  8,55G  short  tons.     Ans. 

(2)     Tons  per  inch  per  acre  is  141,  since  specific  gravity 
is  1.4;  4^  ft.  =  54  in. 

141  X  54  =  7, 014  tons.     Ans. 

(808)  See  Art.  1 388. 

(809)  See  Art.  1 396. 

(810)  See  Art.  1448. 

(811)  See  Art.  1417. 

(812)  See  Arts.    1451  and  1452. 


1  SHAFTS,  SLOPES  AND  DRIFTS. 


(813)  See  Art.   1453. 

(814)  The  shaft  should  be  placed  on  the  lowest  bouo< 
tary  of  the  field,  or  at  such  a  distance  from  it  as  will  provide 
ior  a  sump  on  the  low  side  uf  the  shaft  bottom,  and  the 
workings  driven  to  the  rise.  This  will  ensure  g<Jod  drainage 
/or  the  working  places,  and  the  most  advantageous  grade 
(or  haulage  purposes.     (See  Art.  1 456.) 

I  (815)     See  Art.  1454. 
(816)     See  Art.  1457. 
f  (817)     See  Arts.  1462  and  1463. 
I  (818)     See  Art.  1470. 

It  is  carried  down  t 
(Sec  Art.  1464.) 

See  Art.  1464. 

See  Art.  1 478. 

See  Art.  1474. 

See  Art.  1485. 

See  Art.  1486. 

See  Art.  1469. 

Substituting  values  ii 


the   bed  rock,   or   "  hard 


formula  87,  Art.  1487, 


15')  X  .7854  XG5  _ 
.25  X  .3333  X  .6«(i6       ~ 
Less*  10^  =  25.G38  bricks. 
S  13 


■iS,iSGA58. 
Ans. 


2  SHAFTS,  SLOPES,  AND  DRIFTS.  §  13 

(827)  See  Art.  1453. 

(828)  Steam.     (See  Art.  1498.) 

(829)  See  Art.  1472. 

(830)  See  Art.  1457. 

(831 )  The  water  should  be  shut  off  by  building  a  coffer 
dam,  as  shown  at  K,  Fig.  425.     (Sec  Art.  1466.) 

(832)  Buntons  are  timbers  placed  horizontally  across 
the  shaft  to  carry  the  cage  guides,  column  pipes,  etc. ;  also 
to  strengthen  the  timbering.  They  are  set  into  the  rock 
and  keyed  firmly.     (See  Art.  1467.) 

(833)  The  size  of  the  shaft  will  depend  upon  what  it  is 
used  for;  i.  e.,  it  may  be  used  for  hoisting,  ventilating  (re- 
turn and  intake  airways),  and  pumping,  which  require  a 
shaft  of  greater  dimensions  than  when  an  air-shaft  is  sunk 
near  by.     (See  Arts.  1458  and  1459.) 

(834)  The  circular  form  should  be  used,  shutting  off 
the  water  by  means  of  iron  tubbing.  (See  Arts.  1457 
and  1476.) 

(835)  See  Art.  1482. 

(836)  See  Art.  1475. 

(837)  See  Art.  1488. 

(838)  A  wedging  curb  is  a  permanent  curb  which  must 
be  used  with  any  form  of  walling  that  is  required  to  be 
water  tight.     (See  Art.  1490.) 

(839)  See  Art.  1457. 

(840)  See  Art.  1461. 

(841)  See  Art.  1454. 

(842)  See  Art.  1456. 

(843)  Substituting  the  values  in  formula  86,  Art 
1480,  we  have 

,     i,s()o  X  IT)  -  (;  X  ir)4/«KV)(H)  -  0.944  x  :575 

/  =:    -     -    —  —    —  »  -  =    l.t>»)0  in. 

^/ijo^ooo—  i;.<M4  x  :cr) 

Adding  I  in.,  thickness  =  J. 333  +  .  125  =  1.458  in.      Ans. 


SHAFTS,  SLOPES.  AND  DRIFTS.  3 

See  Art,  1468. 
MS45)  See  Art.  1473. 
[(S46)     See  Art.  1483. 

See  Art.  1491. 

By  the  use  of  cement,  by  freezing,  and  by  pump- 
5  off  the  water.  (See  Arts.  1494,  1523,  ami  1518.) 
1(849)  See  Art.  1498. 
_  (8SO)  They  are  the  holes  bored  in  the  mitUlle  of  the 
shaft  bottom  for  the  purpose  of  blasting  it  out,  before  the 
lateral  holes  are  fired  to  trim  up  the  shaft  to  the  proper 
dimensions.     (See  Art.  1499.) 

I  (851)     See  Art.  1503. 
(852)     See  Art.  1513. 
I  (853)     A  number  of  detonators  are  used  in  the  same 
(See  Arts.  1505and  1504).) 

[(854)     See  Art.  1500. 

[(855)     See  Art.  1496. 

1(856)     See  Art.  1497. 

I  (8S7)     Dynamite  is  exploded  by  means  of  a  shock  pro- 

nced  by  an  exploder,  or  detonator,  while  powder  is  exploded 
f  a  spark  or  flame.      (See  Arts.  1501  and  1502.) 
(858)     Ry  incandescence  in  the  bridge  /;  D  (Fig.  iW). 
:.  1505.) 

[  (859)     See  Art.  1 506. 

I  (860)     See  Art.  1502. 

I  (861)  Shots  are  said  to  be  fired  (1)  in  series,  when  they 
C  connected  as  shown  in  Fig.  447;  (2)  in  parallel,  when 
itinected  as  shown  in  Fig.  44lS;  (:))  in  multiple  series,  when 
inected  as  shown  in  Fig.  449.     (See  Art.  I508.) 

[  (862)     The  method  shown  in  Fig,  452  should  be  used 

hccArt.  1516.) 
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(863)  See  Arts.  1519,  1520,  and  1521. 

(864)  See  Arts.  1523  to  1527. 

(865)  The  method  shown  in  Fig.  453  should  be 
employed.     (See  Art.  1517.) 

(866)  See  Art.  1528. 

(867)  See  Art.  1521. 

(868)  See  Art.  1 539. 

(869)  Great  difficulty  is  found  in  keeping  the  holes 
exactly  vertical.     (See  Art.  1540.) 

(870)  The  Kind-Chaudron  method  should  be  used. 
(See  Arts.  1531  to  1538.) 

(871)  The  water  in  the  shaft  will  prevent  the  inflow  of 
quicksand  or  other  soft  material,  and  assist  in  lowering  the 
tubbing,  and  no  pumping  will  be  required  while  sinking. 
(See  Arts.  1 537  and  1 538.) 

(872)  See  Art.  1541. 

(873)  See  Art.  1542. 

(874)  The  widening  of  a  shaft  should  begin  at  the  top, 
and  the  process  requires  that  the  mine  be  idle  while  the  work 
is  being  done.     (See  Art.  1543.) 

(875)  Wooden  guides  and  iron  guides  (T-iron,  round- 
iron),  and  wire-rope  guides.     (See  Arts.  1545  to  1551.) 

(876)  By  turnbuckles  and  weights  hung  upon  their 
lower  ends.     (See  Arts.  1548  and  1551.) 

(877)  Sec  Art.  1552. 

(878)  The  point  at  which  the  face  of  the  slope  will 
have  a  vertical  height  greater  than  the  timbers.  (See  Art. 
1553.) 

(879)  Where  the  top  is  very  soft  and  falls  in  as  quickly 
as  the  excavation  takes  place.     (See  Art.  1553.) 

(880)  See  Art.  1555. 
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(881)  They  are  set  so  that  their  tops  lean  a  few  de- 
grees up  the  pitch  from  the  perpendicular  to  the  slope. 
(See  Art.  1661.) 

(882)  See  Arts.  1561  and  1563. 

(883)  See  Art.  1 560. 

(884)  See  Art.  1 564. 

(885)  The  face  is  arranged  in  two  lifts,  the  top  one 
being  carried  forwards  in  advance  of  the  lower  one.  (See 
Art.  1567.) 

(886)  See  Art.  1 569. 

(887)  The  vertical  distance  in  feet  of  the  outcrop  above 
the  level  of  the  parting  =  GOO  tan  30' =  000  X  .00873  = 
5.238  feet.  The  vertical  distance  in  feet  that  the  drift 
mouth  will  be  below  the  level  of  the  parting  —  GOO  X  iVo  = 
9  feet      Therefore,  5.238  +  9  =  14.238  feet.     Ans. 

(888)  By  substituting  the  values  in  formula  85,  Art. 
1459,  we  have 

,  1,200  X  2,000  X  000       ,   ,       n  ^     .  ^  •     u 

L  =  -^—.—^ r. ^ i 7.  +  1  =  9  feet  4  mches. 

3G,000  X8X50X4X3^ 

Total  length  of  shaft  =  width  of  hoisting  compartments 
-f-  width  of  pumpway  +  width  of  buntons  =  2  (5  +  2  )  + 
6  +  2  X  if  =  21  ft.  8  in. 

The  shaft  is  21  ft.  8  in.  x  9  ft.  4  in.  in  the  clear.     Ans. 
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[  (889)      See  Art.  1575. 

I     The  practice  in  the  locality  in  which  the  shaft  or 
e  is  to  be  sunk.     (See  Art.  1 576.) 

I  )      H*  +  125  =  38U  feet,  the  radius  of  shaft  pillar, 
fee  An.  1576.) 

Because  the  plane  of  fracture  is  nearly  perpen- 
ictiiar  to  the  slope,  while  it  is  nearly  parallel  to  the  line 
ithe  shaft.     (See  Art.  1578.) 

|(S93)     Because    the    overlying    strata    increase    as    the 
e  advances  downwards.     (See  Art.  1579.) 

A  hard  top  and  a  soft  bottom.     (SeeArt.  1580.) 
1(895)     Because  the  pillars  do  not  increase  in  strength 
|r>dlh)as  theslope  isdriven downwards.     (SeeArt.  1579.) 
1  (896)     The  pillars  in  the  upper  seam  should  !>e  formed 
frtically  over  those  in  the  lower  seam.     (SeeArt.  1616.) 
Shafts  should  be  sunk  so  that  the  tracks  un  the 
;  parallel    with  the  strike  of  the  seam,  and  slopes 
ould  be  sunk  on  the  full  dip,     (Sec  Art.  1 582.) 
See  Arts.  1583,  1584,  and  1585. 
They  should  not  be  less  than  lUO  feet  wide.     (See 
.  1581.) 
|<(900)     From  1  to  2  per  cent,  grades.     (SeeArt.  1585.) 
1 )     They  should  be  formed  so  that  their  longer  sides 
U  be  parallel  to  the  line  of  dip.     (See  Art.  1593*) 
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{902)     See  Art.  1595. 

(903)  See  Art.  1596. 

(904)  See  An.  1601. 

(905)  See  Art    I602, 

(906)  See  Art.  1592. 

(907)  See  Art.  1594. 

(908)  They  are  turned  off  both  butt  entries  when  tbj 
seam   is  comparatively  flat,  or   when  the  seatu 
and  the  butt  headings  run  to  the  rise  or  dip;  but  when  t 
seam  is  inclined  and  the  productive  headings  run  along  thj 
strike,  the  rooms  are  turned  off  on  one  side  only.     {See  Art 

i6oe.) 

(909)  The  former;  because  when  the  rooms  a 
off  both  of  the  butt  headings,  one  group  of  rooms  is  driv( 
to  meet  another  group  coming  from  the  next  pair  of  1 
entries,  necessitating  only  one-half  the  amount  of  productive 
or  butt  entry-driving.     (See  Art.  1606.) 

(910)  By  the  panel  system.      (See  Art,   1612.) 

(911)  See  Art.  1650. 

(912)  It  is  arranged  in  sections,  each  of  which  is 
level  by  the  refuse  of  the  seam.     (See  Art.  1625.) 

(913)  From  15°  to  aO^     (See  Art.  1626.) 

(914)  See  Art.  1630,  and  Figs.  109  and  600. 

(915)  See  An.  1629,  and  Fig.  498. 

(916)  See  Art    1631. 

(917)  See  Arts.  1635  and  1639. 

(918)  The  danger  is  that,  in  the  case  of  a  collapse  of 
a  manway,  the  entire  ventilation  of  all  the  breasts  of  ihi- 
section  in  which  the  collapse  occurred  is  destroyed.  (Src 
Art    1638.) 

(919)  By  liiaving  a  pillar  al  the  mouth  of  the  breast 
to  protect  the  airway,  as  shown  at  ,],  Fig.  5U3. 


^M 
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9)  The  air  is  condiictetl  around  the  breast  in  which 
cident  occurred  through  the  airway  and  the  small 
ssages  leading  from  the  manway  chutes  to  the  airway. 
Hese  passages  are  shown  in  Fig.  504  as  c  and  d,  respect- 
»ly. 

r(t)21)  They  are  batteries  placed  in  chutes  to  prevent 
e  air-ciirrent  from  taking  a  short  cut  from  the  gangway 
>  the  breast  airways.  (Bee  Art.  1637.) 
1(922)  It  is  that  system  of  mining  by  which  the  coal 
(om  the  upper  seam  is  run  through  rock  chutes  to  the 
latn  below.  (See  Art.  1643.  For  the  undetermined 
binis,  see  Art,  1645.) 
1(923)     See  Art    1646. 

1(924)  It  is  a  breast  driven  over  the  gangway  for  the 
prpose  of  getting  a  large  portion  of  the  gangway  pillar, 
aich  would  otherwise  be  lost.     (See  Art.  1641.) 

(925)  See  Art.  1642. 

(926)  One  bore  hole  should  be  drilled  straight  ahead, 
,nd  flank  bore  holes  should   be  drilled  on  each  side.     (See 

653.) 

(927)  The  thickness  and  character  of  the  parting  be- 
'cen  them.     (See  Art.  1649.) 

(928)  See  Art.  1621. 

(929)  It  should  be  opened  up  in  a  manner  similar  to 
t  shown  in  Fig.  504,  Art.  1639. 

(930)  They  should  be  driven  parallel  to  the  face  cleats, 
so  that  the  rooms  turned  perpendicularly  off  them  will  be 
driven  on  the  face  cleats.     (See  Art.  1613.) 

V  (931)  It  should  be  set  so  that  it  leans  from  2°  to  6°  up 
the  pitch  from  the  perpendicular  to  the  seam.  Theoretic- 
ally, the  post  should  l>e  set  perpendicular  to  the  seam,  or 
strnta;  because,  when  the  weight  of  the  overlying  strata 
which  is  to  be  supported  is  resolved  into  two  components. 
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one  along  the  roof  and  the  other  perpendicular  to  it,  the 
post  must  support  that  component  of  the  weight  which  is 
perpendicular  to  the  seam,  while  the  roof  itself  holds  in 
equilibrium  the  other.  The  post  is  inclined  slightly  up  the 
pitch,  in  order  that  it  will  tighten  rather  than  fall  out  in 
(\ise  the  roof  slides  down  the  pitch.  (See  Arts.  1654, 
1655,  and  1656.) 

(932)  Sec  Art.  1657. 

(933)  By  rounding  their  bottoms.     (See  Art.  1658.) 

(934)  See  Art.  1658. 

(935)  By  placing  the  '*  sights"  near  one  side  of  the 
heading.     (See  Art.  1661.) 

(936)  It  gives,  in  general,  a  very  crooked  or  circuitous 
road,  which  is  very  hard  on  the  cars  and  makes  mechanical 
haulage  difficult.     (See  Art.  1661.) 

(937)  See  Art.  1660. 

(938)  The  pitch  and  thiclcness  of  the  seam.  (See  Art. 
1662.) 

(939)  By  lifting  the  bottom  on  the  rise  side.  (See  Fig. 
515,  Art.  1664.) 

(940)  See  Fig.  518,  Art.   1667. 

(941)  See  Figs.  523,  524,  and  525,  Art.  1672. 

(942)  See  Art.  1675. 

(943)  From  25  to  45  pounds  per  yard.  (See  Art. 
1676.) 

(944)  Wooden  rails  are  laid  outside  the  T  rails  to  obtain 
a  greater  friction  when  the  wheel  is  spragged  or  the  brake 
Is  applied.     (See  Art.  1676.) 

(945)  The  spikes  have  not  the  proper  relative  position 
in  the  ties.     (vSec  Art.  1676.) 

(946)  One  that  gives  an  unbroken  main  road,  such  as 
that  shown  in  Fig.  527,  Art.  1678. 
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(847)  They  are  iisod  at  turnouts  or  landings,  or  where 
two  tracks  com«  together,  one  of  which  is  for  the  loaded 
cars  and  the  other  for  tht  empties.  (See  Arts.  1S83, 
lS88,and  1693.) 

(948)  There  should  be  a  difference  in  the  relative 
heights  of  the  lead  and  follower  rails,     (See  Art.  1680.) 


(949)     See  Fig.  532. 

(950)     See  Art.  1687. 

(9S1)     See  An.  1694. 

C952)     By  mcins  o(  a  slope  iarriaj;e,  r 
It.  1695.) 

r  gunboat. 

(See 

(953)  If  both  sides  of  the  mine  do  not  produce  ihc  same 
amount  of  coal,  caging  becomes  proportionately  more 
difficult.     (See  Art.  1696.) 

(954)  The  size  of  the  mine  cars.      (See  Art.  1697.) 

(955)  One  bore  hole  should  be  drilled  straight  ahead, 
and  flank  bore  holes  should  be  drilled  on  the  high  side  only. 
(See  Art.    1653.) 


(956) 
1651.) 

(957) 
1651.) 

(968) 
[  (959) 


(15  X  4)  +  (15  X  5)  =  1:35  ft.  Ans.  (See  Art. 
[((;X:!)+('>X5)]  xa  =  'Jiift.  Ans.  (See  Art. 
See  Art.  1704. 


As  water  exerts  a  pressure  of  0.434  lb,  per  sq.  in. 
foot  of  depth,  the  pressure  per  sq.  in.  under  a  20()-foot 
id  of  water  equals  2(10  x  -434  =80.8  lb.  Then  by  formula 
the  thickness  of  the  dam  is 


T=  3flO  x 


(.-/7 


2(1  X  8fi.8\ 


H,000     / 
41.44  in.  =  3.45  ft.  C  in.,  nearly. 
f  doubling  the  cahiilated   thickness  to  ensure  safety,  we 
c  a  ft.  G  in,  x  a  =  r  ft.      Ans.      (See  Art,  171«.) 
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(960)  Using  formula  88, 

53.48  in.  =  4  ft.  G  in.,  nearly. 
4  ft.  6  in.  X  2  =  9  feet.     Ans.     (See  Art.  1710.) 

(961)  Applying  formula  89, 

38.15  in.  =  3  ft.  2  in.,  nearly. 
3  ft.  2  in.  X  2  =  C  ft.  4  in.     Ans.     (See  Art.  1710.) 

(962)  It  prevents  leakage,  and  transmits  the  pressure 
from  one  concentric  arch  to  the  other.     (See  Art.  1 708.) 

(963)  The  best  Portland  cement.     (See  Art.  1 709.) 


Methods  of  Working  Coal  Mines. 


PART    2.) 


1(964)     See  Art.  1711. 
(S«S)     See  Art.  1713. 
(066)     If  longwall  advancing  be  used,  the  method  should 
similar  to  that  of  Fig.  555  or  559 ;  but  if  longwall  retreating 
used,  ihe  method  shown  in  Fig.  580  should  be  used.    The 
mbined  method  (Fig.  58"i)  may  also  be  used. 
(S67)     SeeArt.  1717. 

(968)  By  first  bearing  in  a  short  distance  at  one  side  of 
bis  room  or  allotted  portion  of  the  working  face  and  con- 
tinuing the  shallow  mining  across  it,  by  which  time  the 
weighing  action  will  have  softened  the  coal  just  beyond  the 
mining  and  make  it  comparatively  easy  to  repeat  the  opera- 

f~  >n  and  deepen  the  mining.     (See  Art.  1 73S.) 
(969)     SeeArt.  1730. 
(970)     Because  it  is  otherwise  a  difficult  matter  to  main- 
tain a  continuous  line  of  working  face,  which  is  essential  to 
the  best  working  of  longwall.      (SeeArt.  1750.) 


^Ttel 


(971)  SeeArt.  1769. 

(972)  Where  the  roof  is  brittle  sufficient  breadth  can 
It  be  maintained  to  take  the  car  along  the  face,  making  it 

necessary  to  approach  the  face  by  a  greater  number  of  roada 
(SeeArt.   1712.) 

(973)  SeeArt.  17SS. 


2  METHODS  OF  WORKING  COAL  MINES.     §  15 

(974)  Shafts  are  protected  either  by  pillars  left  at  the 
bottom  of  the  shaft  or  by  carefully  stowing  up  the  space 
made  vacant  by  taking  out  all  the  coal.     (See  Art.  1714.) 

(975)  The  face  should  advance  parallel  to  the  principal 
or  face  cleats,  i.  e.,  the  **  end  on  "  plan  should  be  adopted. 
(See  Art.   1725.)  ^  • 

(976)  See  Arts.  1735  and  1736. 

(977)  There  is  danger  of  throwing  excessive  weight 
upon  the  face  and  destroying  the  timber.  (See  Art. 
1730.) 

(978)  It  is  so  arranged  that  each  miner  will  have  a  long 
rise  side  and  a  short  dip  side  with  reference  to  the  road  lead- 
ing to  the  face.  This  saves  him  the  work  of  shoveling  coal 
uphill.     (See  Art.  1763.) 

(979)  To  take  advantage  of  gravity.   (See  Art.  1727.) 

(980)  Where  the  roof  is  bad  and  roads  10  or  12  yards 
apart  approach  the  face,  the  coal  is  shoveled  to  the  road- 
heads  ;  but  where  the  seam  is  low,  a  buggy  is  used  to  con- 
vey the  coal  along  the  face  to  the  road-heads.  (See  Arts. 
1712  and  1755.) 

(981)  See  Art.  1716. 

(982)  See  Art.  1752. 

(983)  Sec  Art.  1 743. 

(984)  See  Art.  1712. 

(985)  vSee  Art.  1765. 

(986)  The  inclination  of  the  seam  and  the  condition  of 
the  packwalls.      (See  Art.  1766.) 

(987)  To  properly  regulate  the  weight  upon  the  work- 
ing face.     (See  Art.  1729.) 

(988)  wSee  Art.  1721. 

(989)  By  being  able  to  make  a  deep  holing  or  mining 
with  a  very  low  front.     (See  Art.  1736.) 
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'  (9i>0)     The  steps  are  made  between  the  pairs  of  roads. 
JSee  Art.  1745.) 
t  (991 )     The  scam  is  divided  into  layersor  lifts  which  are 

forked  independently,  or  so  that  one  hft  is  a  short  distance 

fcead  of  the  other.     (Sec  Art.  1771.) 

j  (992)     At  the  road-head.     (See  Art.  1759.) 

I  (993)     If  the  rise  be  too  steep  for  the  mule  to  enter  the 

torn  with  the  car,  the  coal  is  conveyed  to  the  level  either 

t  chutes  or  incline  planes.     (See  Art.  1745.) 
L  (994)     By  taking  a  proper  width  of  coal  out  of  both  the 

gh  .ind  low  side  of  the  level.      (See  Art.   I  754.) 
I  (995)      It  should  advance   perpendicularly  to    the    face 
(See  Art,  1723.) 

(996)  The  weighting  action  of  the  roof.  (See  Art. 
1751.) 

(997)  From  the  roof,  the  floor,   the  seam  itself,  and 
»m  the  surface.     (See  Art.  1711.) 
f(t*ft8)     They  impede   ventilatirm,    increase    the  cost  of 

iduction,  and  cause  the  coal  to  be  crushed  more  than 
rben  the  continuous  face  is  employed.  (See  Art.  1716.) 
i(999)     See  An.  1731. 

(1000)  So  as  to  get  the  line  of  fracture,  which  takes 
lace  along  the  rib  side,  helow  the  level,  in  order  to  secure 

chI  roof  in  the  level  and  support  to  the  lower  edge  of  the 
loosened  mass,  whereby  it  will  be  prevented  from  slipping 
down  hill  and  destroying  the  packwalls.  (See  Art.  1752 
and  Fig.  501.) 

(1001)  The  pressure  of  the  gas  in  the  coal  greatly 
assists  in  the  work  of  extraction  or  in  loosening  the  coal  at 

^^he  working  face.     (See  Art.  1738.) 

^H(1002)     The  principal  difficulties  are  found  in  the  ten- 

^Hniry  of  the  roof  to  gravitate  away  from  the  working  face, 

and  in  keeping  the  packwalls  in  good  condition.     (See  ArL 

1729.) 
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(1003)  See  Art.  I740. 

(1004)  See  An.  1792. 

(1005)  The  cleats  may  have  any  direction  with  refer- 
ence to  the  line  of  ilij).     (See  Art.  1728.) 

(1006)  See  Art.  1742. 

(1007)  Upon  the  height  of  the  seam  and  amount  of 
stowage.      (See  Art.  1746.) 

(1008)  A  pair  of  entries  (slopes)  should  be  driven  io 
the  lower  seam  from  the  outcrop  to  the  boundary,  if  pos- 
sible, and  directly  on  the  line  of  maximum  dip.  Then  a 
cross-heading  should  be  driven  connecting  the  three  seams, 
which  are  linally  opened  out  by  driving  headings  or  levels 
to  the  right  and  left  in  each  seam  from  the  cross-beadinf 
and  not  more  than  000  feet  away  from  it.  These  heading* 
are  connected  at  their  far  ends,  and  sometimes  in  the  middle^ 
for  the  purpose  of  ventilation.  On  the  rise  side  of  each 
level  longwall  faces  should  be  started,  giving  in  all  6  places. 
The  faces  should  be  worked  in  the  ascending  order  and  lead 
each  other  about  30  feet.  The  cross-heading  or  slant  should; 
be  moved  forwards  about  every  (iO  feet.  (See  Art.  1777 
and  Fig.  5S1.) 

(1009)  By  systematic  and  efficient  support  of  the  roof 
near  the  face  by  means  of  props,  nogs,  chocks,  etc.  (See 
Art.  1734.) 

(1010)  When  the  coal  is  situated  at  a  shallow  depth, 
and  it  is  cheaper  to  sink  extra  shafts  than  to  maintain  per- 
manent haulways  through  the  gob.     (See  Art.  1746.) 

(1011)  By  the  escape  of  the  gas  in  advance  of  thi 
working  face.      (See  Art,   1738.) 

(1012)  The  dip  and  the  tendency  of  the  roof  to  gfravii 
tate  away  from  the  working  face  is  lessened,  (See  Art, 
1733.) 

(1013)  See  Art.  1784. 

(1014)  See  Arts.  1794  to  1797. 
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(1015)     Special  attention  must   be  given   to  the    lirst 
lackwalls,  because  more  settling  takes  place  at  that  lime 
lan  in  the  ordinary  working.     (See  Art.  1749.) 
(t016)     See  Art.  1734. 

(1017)  By  taking  down  top  and  lifting  bottom.  (See 
'irt.  1746.) 

[  "(1018)     By  leaving  a  portion  of  the  solid  coal  on  the 
»f  over  them.      (See  Art.  1  750.) 
(101»)     See  Art.  17H5. 

(1020)  By  the  escape  of  the  gas  through  the  adjoining 
trata  and  by  excessive  weight  upon  the  working  face.     (See 

.  1738  and  1798.) 
I  (1021)     See  Art.  1728. 

I  (1022)     "  Blind  pits'"  are  used  to  tnwer  coal  from  one 
(earn  to  another.     (See  Art.  1756.) 

11023)     They  may  have  any  relative   position,    but  in 
'new  coal  fields  they  should  be  reasonably  close  together  so 
as  to  speedily  secure  a  permanent  return  airway.      (Sec  Art. 
1783.) 

(1024)  The  overlying  weight  is  distributed  over  a 
p-eater  portion  of  the  bottom.     (Sec  Art.  1788.) 

(1025)  Sec  Art.  1739. 

(1026)  When  the    top  has  settled    completely.      (See 
1746.) 

'   (1027)     When  the  raining  or  holing  is  done  at  the  top 
r  near  the  middle  of  the  seapi.     (See  Art.  1 756.) 
(1028)     By  the  use  of  dynamite.      (See  Art.  1795.) 
{1029)     A    constant    output    is    secured.      (See    Art. 
|783.) 

(1030)  By  driving  main  headings  to  the  boundary  and 
tommcncing  the  necessary  narrow  work  there  and  bringing 
;  back  in  advance  of  the  working  face.  (See  Art.  1775 
IBd  Fig.  58U.) 


6         METHODS  OF  WORKING  COAL  MINES.     §  15 

(1031)  See  Art.  1797. 

(1032)  Longwall  retreating.     (See  Art.  1782.) 

(1033) 

Let  r  =  radius,  in  feet,  of  pillar  to  support  shaft 
only. 
Then  r  +  90  =  radius,  in  feet,  of   pillar  to  support  shaft 

and  buildings. 

Hence,  r+  90  =       .        =202.5,  or  r  =  202.5-96  =  106.5. 

2  ' 

But    depth   of  shaft   D=  ^r=.  4^0   feet.      Ansi  •     (See 
Art.  1576.) 
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(1034)  See  Arts.  1800  and  1801. 

(1035)  Reducing   14   minutes  to   seconds,   14X60:^ 
840  seconds. 

840  X  40  =  33,600  ft.  ±=  6^  miles.     Ans 

(1036)  See  Art.  1839. 

(1037)  Using  formula  94, 
Pa=Wd,  or  PxFc=lVxFi. 

Hence,  »*^  X  3^  =  85  X  21 ; 

JK  =  2^^  =  610  lb.     Ans.- 

(1038)  Applying  formula  99, 

iV=  — jr: —  =  106f  rev.  per  min.     Ans. 

(1039)  (a)  Applying  formula  102, 

^  =  ^o^^.^o  =  23. 87  in.     Ans. 
o.  141o 

(b)   See   Art.    1872.      Addendum  =  .3    of     the    pitch. 
1.5  in.  X.3  =.45  in.     .45  in.  X  2  =.9  in.=  difference  between 
the  diameter  of  the  pitch  circle  and  the  outside  diameter 
Hence,  outside  diameter  =  23.87  +  .9  =  24.77  in.     Ans 

(1040)  Apply  formula  107. 

r  =  ^^  ^J^^  =  53  R.  P.  M.     Ans. 

loU 
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(1041 )  Apply  formula  1  lO* 
Pitch  =  i^j  in. ;  therefore, 

„,     0.2832  X  24  X  11       «^  ^^«  ^, ,,         . 
IV  = =  21,563.94  lb.     Ans. 

(1042)  The  pull  on  the  support  equals  the  centrifugai 
force  of  the  ball.     Hence,  applying  formula  IIS^ 

F=  .00034  X  6  X  H  X  350'  =  555^  lb.     Ans. 

(1043)  Apply  formula  113. 

j^     2X  GOO'      ,,  ,^^,  .     ,,        . 
^=     ..i  =  11,194  ft.-lb.     Ans. 

04.  o^ 

84 

(1044)  7  ft.  =  84  in.     Arc  of  contact  =  ^,..   ^  ,,  ,,,^.  X 

360°  =  153**.       800  +  3  (180  -  153)  =  881.       Applying    for- 
mula 115> 

„,       881  X  150  .,  r^K   ' 

^^=      3,000       =^^'Q^^^' 
Using  formula  117, 

IV^  =  44.05  X  f  =  29.37  in.,  or  say  29.5  in.     Ans. 

(1045)  See  Arts.  1803  to  1823. 

(1046)  There  are  1,760  yd.  in  1  mile.  If  a  man  can 
run  100  yd.  in  12  seconds,  in  1  second  he  can  run  Y/  yd., 
that  is,  his  velocity  is  -i^y-  yd.  per  sec.  Applying  for- 
mula 92, 

/  =  1,760  ~  *iV  =  1»'^G0  X  i^A  =  211.2  sec.  =  3  min.  31.2 sec. 

Ans. 

(1047)  See  Art.  1840. 

(1048)  See  Arts.  I860  and  1861. 

(1049)  13  ft.  =  156  in.     Applying  formula  99, 

N  =  — -—-. —  =  ()3  rev.  per  mm.,  the  speed  of  the  engme. 

Ans 

(1050)  Applying  formula  102» 

£>  =  4^'r^  =  1 5r-J.  79  in.     Ans. 
3. 1410 
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(1051)  Apply  formula  108* 

P      81X80      __  .         . 

K  =  — -— —  =  360  rev.  per  min.     Ans. 

(1052)  Pitch  =  i  in.     Using  formula  1  lO, 

„,     6.2832X60X26     «,o...oo^ 

»r  = J =  78,414. 336  =  the  theoretical  pressure. 

8 


•   •■    •  • 


Since    the    efficiency   is    but    40^,    the    actual    pressure   is 
78,414.336  X  .40  =  31,365.7  lb.     Ans. 

(1053)  See  Art.  1899. 

(1054)  First  determine  the  speed  of  the  center  of 
gravity  of  the  section  in  feet  per  second.  This  point  re- 
volves in  a  circle  whose  diameter  is  6  ft.  1}  in.  x  2  =  12  ft. 
3^^  in.  =  12.2917  ft.  Distance  traveled  in  one  revolution  "= 
12.2917  X  3.1416  =  38.6156   ft.      Distance  traveled  in   one 

,        38.6156  X  150       ^^  ^on  ir^       XJ  i    •        r 

second  = — =  96.539  ft.     Hence,  applymg  for- 
mula IIS^ 

^      13,000  X  96.539'       ^  ..^  ^^.^  «.  r.    ,u       a 

A  =  — . =  1,883,661.7  ft. -lb.     Ans. 

64.  o2 

18 

(1055)  Arc    of    contact  =  — ^-tttt:  X  300°  =  147^ 

14  X  O.1410 

800  4-  3  (180  -  147)  =  899.     Applying  formula  115, 
.^      899  X  2.5       ^  ^.  .  ^  .  . 

(1056)  (a)  See  Arts.  1810  and  1835. 
(b)  and  (c)  See  Art.  1 809. 

(1057)  H  X  3.1410  =  12.5004    ft.  =  circumference  jof 

O    AAA 

pulley-      TTrTTTTrz  =  238.73   revolutions   in    1    minute,   or  60 
12.5664 

seconds.     To  make  100  revolutions  will   require  ^ x 

^  238.73 

60  =  25.13  sec,  nearly.     Ans. 

(1058)  4  ft.  6  in.  =  54  in.  54  x  2  x  f  X  .201  =  21.141 
lb.  =  weight  of  lever.     Considering  the  weight  of  the  lever 
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to  be  concentrated  at  its  center  of  gravity,  we  have  three 
weights  of  47,  21.141,  and  71  lb.,  with  the  smaller  weight, 
Y  =  27  in. ,  from  the  other  two.  To  find  the  center  of 
gravity  of  the  two  large  weights,  apply  formula  93.     /,  = 

4,7  V  '54- 

y  ^  ^Z  =  21.608  in.  =  the  distance  6  c  in  Fig.  35.     Consider' 

71  +  47 

both  weights  to  be  concentrated  at  6;  that  is,  imagine  both 


PIO.  86. 

weights  removed  and  to  be  replaced  by  the  dotted  weight  IV, 
equal  to  71+47=  118  lb.  The  dotted  circle  w  represents 
the  weight  of  the  bar.  The  distance  ar  =  27  —  21.508  = 
5.492  in.     Distance  of  balancing  point  /  from   r  is  found 

u  t  c  1     c^o   .     K     21.141X5.492        ^...    . 

by  means  of  formula  93  to  be  ^       .^    =.8.54  in. 

llo  +  ^1.14J. 

Finally,  ///  = 

21.508  +  .834  =  22.342  in.  =  short  arm.     Ans. 
54  —  22.342  =  31.G58  in.  =  long  arm.      Ans. 

(1059)     See  Art.  1862. 

(10©0)     Apply  formula  99,  after  reducing  the  2  ft.  to 
inches. 

N  =  — —. —  =  84  per  mm.     Ans. 
24 

( 1 06 1 )     Apply  formula  1 03. 

r=ll^^^^jHM«=  32  teeth.     Ans. 

Ifl 
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(1002)     Apply   formula   108   to   find   the   number  of 

75  X  88 
revolutions   of   the  driving   gear.     R  =  — — —  =  150  rev. 

per  min.  of  the  driving  gear  and  also  of  the  8-inch  pulley. 

Using  formula  96  to  find  the  diameter  of  pulley  on  the 

shaft, 

ft  v  ififi 

Ans. 


n      8  X  150      ^  . 

Z)  =  ^^^rz: =  G  m. 


200 


(1063)     (*)  Using  formula  1  lO, 


IV= 


0.2832  X  25  X  15 


=  9,424.8  lb.  =  theoretical  pressure. 

Ans. 


{a)     9,424.8  —  5,000  =  4,424.8  lb.     Ans. 

51 


( 1 064)     See  Art.  1 899. 
ity.     Ans. 


G2.5 


=  .816,  the  specific  grav- 


(1065)     660  ft.  per  min.  =  VV"  =  H  ft.  per  sec. 
Applying  formula  113, 
325  X  11' 


K  = 


611.4  ft.-lb.,  nearly.     Ans. 


64.32 

(1066)  Applying  formula  109, 

H.  P.  =  .01  X  r  X  1,200  =  12.     Ans. 

(1067)  See  Arts.  1824  and  1826. 

(1068)  See  Art.  1830. 

(1069)  In  Fig.  36, ^^C 
represents  the  triangle. 
The  center  of  gravity  is 
found  as  explained  in  Art. 
1845.  The  distance  of 
the  center  of  gravity  from 
the  side  AC=  1-^ in.    Ans.  ^^ 


(1070)     Apply  formula  96. 

r^       36  X  60       .  ,   . 

7>=— ^— =  o4m. 


Ans. 
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(1071)  (rt)  Applying  formula  98, 

«  =  i?4^  =  120  R.  P.  M.     Ans. 

O 

{b)  Applying  formula  98, 

120  X  20        .._  T>    r>  w       A 
;/  = =  400  R.  p.  M.     Ans. 

D 

{c)  Applying  formula  98  again, 

4 

(1072)  Applying  formula  103, 

^      3.1410X34.15       ^o,     ,,        . 
T  = — =  78  teeth.     Ans. 

If 

(1073)  Since  there  are  two  parts  to  the  rope,  the 
pulleys  will  raise  a  load  of  225  X  2  =  450  lb.     Ans. 

(1074)  5  ft.  6  in.=:  (>G  in. 

(a)  CO  -^  G  =  1 1  =  velocity  ratio.     Ans. 

(b)  11  X  5  =  55  lb.     Ans. 

(1075)  See  Art.  1896.     55  X  .G5  =  35.75  lb.     Ans. 

(1076)  Referring  to  the  table  of  Weights  per  Cubic 
Foot,  a  cubic  foot  of  platinum  weighs  1,343.8  lb.     There- 

fore,    1    cu.  in.   weighs    ''  ^.^     lb.,   and   10  lb.   will  contain 

10  -T-  -\  r^^rr  =  10  X  T~oi-T-o  =  ^^-^^  ^^-  ^"m  nearly.     Ans. 
1, 4  /CO  l,o4o.  o 

(1077)  See  Art.  1907. 

(1078)  Speed  of  a  point  on  the  pitch  circle  in  feet  per 
minute  =  |^  X  3.1410  X  lou  =  785.4  ft.  per  min.  Apply 
formula  109. 

H.  P.  =  .01  X  7S5.4  X  1.57'  =  19.36.     Ans. 

(1079)  See  Art.  1826. 

(1080)  See  Art.  1831. 
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(1081)  Volume  of  sphere  =  .5286  X  6*  =  65.45  cu.  in. 
1  cu.  in.  of  cast  iron  weighs  .261  lb. ;  hence,  weight  of 
ball  =  65.45  X  .261  =  17.08  lb.  Weight  of  a  cu.  in.  of  steel 
is  .284  lb. ;  hence,  weight  of  handle  =  (i)'X  .7854  X  40  X 
.284=6.83  lb.  Distance  of  center  of  gravity  of  rod  from 
center  of  ball  =r^  -j-  f-=  22^  in.  Apply  formula  93.  Dis- 
tance of  center  of  gravity  of  both  ball  and  rod  from  center 

(1082)  Applying  formula  96, 

r.      180  X  30      _„,  .  . 

240  ^ 

( 1 083)  Applying  formula  1 OO, 

^^6,000X6X5X8X3^  ^^^ 

18  X  12  X  15  X  12  ^ 

Since  there  is  a  loss  of  20^,  111  J  represents  80j^  of  the 
total  force.  Hence,  the  force  actually  required  =  111  J -r- 
.80  =  138f  lb.     Ans. 

(1084)  Apply  formula  104. 

«,     3.1416  X  24.16      ^  .^^.  .         . 
/*= :7t: =  1.9974  m.     Ans. 

OO 

(1085)  See  Art.  1858,  Since  there  are  eight  parts 
of  the  rope,  the  force  required  =  1,800  -^  8  =  236 J  lb.     Ans. 

( 1 086)  {a)  Velocity  ratio  =  i^  =  20.     Ans. 

(b)  Efficiency  =  ^  =  .5263  =  52.63^.     Ans. 

(1087)  Volume  =  (i)'x.7854  x  10  =  1.063  cu.  in.  One 
cu.  in.  of  lead  weighs  .411  lb.  (see  table  of  Weights  per 
Cubic  Foot);  consequently,  1.963  X.411  =.807  lb.  =12.01  oz. 

Ans. 

(1 088)  Using  formula  114, 

£=H  ^  iliZ  _^  2  X  38  =  105J  ft.  =  105  ft.  3  in.     Ans. 
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(1089)  {a)  18  X  00  X  00  =  04,800  miles  per  hour.    Ans, 
{/;)  04,800  X  24  =  1,555,200  miles  per  day.   Ans. 

(1090)  See  Art.  1825. 

(1091)  See  Art.  1832. 

(1092)  Length   of  power  arm  =  4  ft.  —  4  in.  =  48  in. 
—  4  in.  =  44  in.     According  to  formula  94, /^X44=  1,500  X 

4  =  0,000;  hence,  /'=  -'^  =  130^^  lb.     Ans. 

44 

(1093)  Length  of  power  arm  =  4  f t.  =  48  in.     Hence, 

as  in  the  preceding  question,  P=    ^        =  125  lb.     Ans. 

(1094)  Ai)piy  formula  97. 

^/=     -      '  =  8  ft.,  the  diameter  of  the  pulley.     Ans. 

(1095)  See  Arts.  1869  and  1870. 

(1096)  Apply  formula  104. 

r,      3.1410  X  30.50       ft  WOJ.V  •  A 

P  = J- =  2. 7347  m.     Ans. 

42 

(1097)  vSc(i  Art.  1 885.     4,000  X  45  =  400  x  the  force 

„             .               4,000  X  45        ^.^^  .,         . 
Hence,  force  = =  4.)0  lb.     Ans. 

'  400 

(1098)  Sec  Arts.  1889  and  1895. 

(1099)  One  foot  of  the  wire  will  weigh  (-,V)'  X  .7854  x 
12  X  .303  =  .011155   lb.     (See  table  of  Weights   per  Cubi( 

Foot.)     Consccuicntly,  10  lb.  will  contain ——--^r;:  =  81)0  ft.. 

.0111o.>) 

n(^'l^lv.      Ans. 

(ll(K>)     14  ft.  =  108  in.     Applying  formula  114, 

/;  =  3[-  X  --\^^  ^  +  2  X  108  =  3SS  in.  =  32  ft.  4  in.     Ans. 

(I  lot)     30    mil(!S   prv  hour  =  5,280  X  30  =  158,400  ft. 

158,400        ,   ,,  ^  r  '  2,040 

per  liour  =  -  -  . =  2,040  ft.  per  mm.  =  -7:77-  =  44  ft.  per 

()l)  GO 

sec.     Ans. 


MECHANICS 


{ 1 102)     H  X  1,500  =  3,500  ft.  ii 


-  =  9Hft- 


r  sec,  since  6  n 


=  360  sec.     Ans. 


(H03)     See  Art.  1833. 
(1104)     Apply  formulae?. 


rf  =  ^ 


(1105)  See  Arts.  1871  and  1872. 

(1106)  See  Arts.  1876  and  1877. 

(1107)  The   weight    which   comes  on   the   block   and 
'  tackle  is  the  same  as  the  force  required  to  pull  the  body  up 


1,200 
iiere  are  12  parts  to  the  rope,  the  force  required  to  be  exerted 

I  the  free  end  is  5,308  -=- 13  =  434  lb.     Ans. 

(IIOS)     See  Art.  1898. 

(1109)     See  Arts.  1901  to  1906. 

(I  llO)     19  ft.  3  in.  =231  in.     Applying  formula  114, 

?=3iX^^^^  +  *X  331  =  507^ in.  =  42  ft.  3J  in.     Ans. 

(1111)     (a)  15milesperhour  =  -l^ii|^=23ft.  per 

Since  the  bodies  are  moving  in  opposite  directions, 
[they  are  moving  atvay  from  each  other,  and  their  distance 
apart  is  increasing  at  the  constant  rate  of  114-32=33  ft. 
per  sec.  In  8  min.  the  distance  between  them  will  be 
33  X  8  X  60 


6,280 
I  {b)  825  -7-  33  =  2S  sec.     Ans. 

(1112)     8  min.  10  sec.  =130  sec.     2  miles  =  10.560  ft 
.pplying  formula  QO, 


3  miles.     Am 


10,560 
13U 


=  81.23  ft.  per 


Ans, 


J 
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(1113)  See  Art.  1838. 

(1114)  Applying  formula  95,  letting  P  represent  the 
required  force, 

Py.  30  X  20  X  10  X  15  =  1,260  X6x6x4x7, 

p      1,250  X6X5X4X7      ,,,  ,,         . 
^^     30X20X10X15-^  =  ''*^^'     ^^- 

(1116)     Applying  formula  98, 

20X150      _^,  .         . 

n  = — — ,  =  187^  rev.  per  mm.     Ans. 

*  -.•■  '  •  •     • 

(1116>    See  Art,  1872. 

<1 1 1 7)     Apply  formula  105. 

7"=  — -rrrr —  =  24,  the  number  of  teeth,     Ans. 

(1118)  See   Art.    1 885.      ^^^^^  ^^  =  468*  lb.     Ans. 

(1119)  Substituting  in  formula  112, 

Fz=z  .00034  X  128  X  f|  X  180"  =  1,028.16  lb.     Ans. 

(1 120)  One  cubic  foot  of  water  weighs  62.5  lb. ;  hence, 
20  cu.  ft.  weigh  62.5x20=1,250  lb.  The  work  done  = 
1,250  X  50  =  62,500  ft. -lb.     Ans. 

21 

(1121)  Arc    of    contact  =  -- — imrra  X  360°  =  160^ 

15  X  0.1416 

800  +  3  (180  —  160)  =  860.    .  Applying  formula  116, 

„      5  X  1,960       ,,  ,  TT  T5       . 
H  •=■ — — TT —  =  11.4  H.  P,     Ans. 

(1122)  18,000  +  10,000  =  28,000  lb.  =  the  load  which 
the  screw  must  overcome. 

Using  formula  111, 

r,       i  X  28,000 
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/^-iooA     9X3.141GX100X  60       ..   ._      ..  , 

(11 23)     fT^^^F^ =  '^^- 1'^  miles  per  hour  = 

the  velocity.     Applying  formula  91, 

s  =  32. 13  X  li  =  40.  IGi  miles.     Ans. 

(1124)  If  the  ball  fitted  the  gun  loosely  and  the  gun 
was  held  horizontally,  the  ball  would  roll  out  and  fall  to  the 
floor,  since,  according  to  the  first  law  of  motion,  every  body 
tends  to  preserve  its  velocity  unless  acted  upon  by  some 
force.  The  ball  has  a  velocity  due  to  the  train  of  100  ft. 
per  sec.  When  the  gun  is  fired,  the  force  applied  to  the 
ball  apparently  gives  it  a  velocity  of  100  ft.  per  sec.  in  the 
opposite  direction,  but  it  really  stops  the  ball  and  brings  it 
to  rest  relatively  to  a  point  on  the  earth.  The  gun  and  car 
keep  up  their  motion  and  draw  away  from  the  ball,  which  is 
stationary  with  respect  to  a  point  on  the  earth,  and  the  ball 
falls  to  the  ground. 

(1125)  30  X  14^  X  2  =  870.     870  -r-  5  =  174  lb.     Ans. 

(1 126)  Substituting  in  formula  98, 

42  X  108      ,^^  ,     .  ^   . 

n  = ~ =  126  revolutions  per  minute  of  the  coun- 

tershaft.     Ans. 

(1127)  See  Art.  1872. 

( 1 1 28)  Apply  formula  1 06. 

/  =  ?i>^62  =  72  teeth.     Ans. 

(1129)  Answer  from  your  own  observation. 

(1130)  The  number  of  foot-pounds  of  work  done  in 
1  minute  is 

10*  X  .7854  X  41.38  X  i|  X  450  =  1,049,901  ft. -lb. 

Dividing  by  33,000  to  obtain  the  horsepower, 

1  949  991 
oo  ilrJ\    —  59.091  horsepower,  nearly.     Ans. 
©•3,000 


12  MECHANICS.  8 1« 

(1 131)  Since  the  width  of  a  double  belt  is  but  f  of  that 
of  a  single  belt  to  transmit  the  same  horsepower,  a  single 
belt  doing  the  same  work  as  the  20-inch  double  belt  in  this 
example  must  be  20  -J-  f  =  20  X  |  =  30  inches  wide. 

Arc  of  contact  =  ,     'o.....  X  360*^  =  165°. 

4  X  3.1410 

800 +  3  (180 -165)  =  845. 
Applying  formula  116, 

^      30  X  2,800      ^«  .  XT  T»       A 
H-=^ T-y^ =  99.4  H.  P.     An» 

o40 
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(1132)  That  force  which  will  produce  the  same  final 
effect  upon  a  body  as  all  the  other  forces  acting  separately 
or  together. 

(1 133)  This  example  is  solved  by  the  parallelogram  of 
forces,  as  in  Art.  1917.  Measuring  the  diagonal,  the  total 
pressure  on  the  shaft  is  found  to  be  7^  tons,  nearly.     Ans. 

(1 134)  See  Arts.  1932  and  1933. 

(11 35)  Applying  formula  1  22, 

IV=  12,000  X  (f)'  =  1,G87.5  lb.     Ans. 

(1136)  Apply  formula  125,  and  use  1,000  instead  of 
600,  as  the  rope  is  of  steel. 

lV=z  1,000  X  {5iy  =  27,562.5  lb.     Ans. 

(1 1 37)  Applying  formula  1 32, 

force  =  C  X  .7854  X  00,000  =  1,000,404  lb.     Ans. 

(1 138)  {(j)  If  a  5-inch  line  =  20  lb.,  a  1-inch  line  =  4  lb. 
1  -=-  4  =  i  inch  =  1  lb.     Ans. 

{d)  Ci-  -7-  4  =  1.5025  inches  =  0:^  lb.     Ans. 

(1139)  See  Art.  1964. 

(1 140)  The  method  of  obtaining  the  resultant  is  shown 
in   Fig.  37.     The  forces  are  laid   off   to    scale   to    form   a 

§17 
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polygon,  and  the  closing  line  gives  the  direction  and  magni- 
tude of  the  resultant.     See  Art.  1918. 


PlO.  87. 

(1141)  Apply  formula  120. 

»S  =  -^iT->—  =  3,643  lb.  per  sq.  in.,  nearly.     Ans. 

♦5.  O 

(1 1 42)  Apply  formula  1 23. 

ir=  KK)  X  4'  =  1,000  lb.     Ans. 

(1 143)  Area  of  cross-section  =  8*  X  .7854  =  50.2056 
sq.  in.  10  ft.  =  120  in.  =  L.  Crushing  strength  =  3.5  tons 
per  s(i.  in.  (sec  Table  33).  a  =  187.5  (see  Table  30).  Sub- 
stituting these  values  in  formula  127, 

,,,      3.5X50.2050        ^^^^  , 

//  = ^^-^, =  80  tons,  very  nearly. 


120^ 


+  1 


187.5  X  S' 

Hence,     80  ^  0  =  13J  tons  =  safe  load.     Ans. 

(1  144)  Those  forces  by  which  the  given  force  may  be 
replaced,  and  which  will  produce  the  same  effect  on  a  body 
as  the  given  force. 


§n 
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(1 145)     Apply  formula  1 1 9, 

-^  =  g  'ruM\  =2.4  sq.  in.,  the  area  of  the  bolt. 
6,000 


Diameter 


=/ 


2.4 

.7854 


=  1.74  in. +.     Ans. 


(1146)  Using  formula  125,  with  a  constant  of  1,000 
for  steel  wire, 

jr=  1,000  X  4.75*  =  22,562.5  lb.     Ans. 

(1147)  First  calculate  the  load  it  will  sustain  in  the 
middle  by  means  of  formula  1 30. 

T      A  •        -^^1        4  X  10*  X  8  X  30       _  .^^.  „ 
Load  m  middle  = — =  3,4284- lb. 

Uniform  load  =  3,428+  X  2  =  6,857+  lb.     Ans. 


(1148)     Apply    formula   133. 
proper  constant  is  70. 

Horsepower  = jrr- =  2,857|. 

Ans. 


From    Table  40,   the 


East 


(1149)     Southeast  in  the  direc-       r 
tion  of  the  diagonal  of  a  square.     See 
Fig.  38. 

(1160)     Total    pressure   on   the 
head  =  19' X. 7854  X  180  =  51,035  lb. 

51  035 
Tension  in  each  stud  = — yt~  =  3,645  lb.      Applying  for- 
mula 119) 


Pig.  88. 


3  645 
-^  =  r'ri/^r.  =  -729  SO.  iu. ,  thc  area  of  the  bolt.    Ans. 
0,000 


(1151)     Apply  formula  1 24. 

Circumference  =  .11/4,200  =  C.48  in.,  say  Q^  in.     Ans. 
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(1152)  Substitute  in  formula  127,  For  this  case, 
C  =  18,  ^'  =  0  X  ^  =  15  sq.  in.,  Z  =  10  X  12  =  120  in., 
a  =  1,500,  and  d=2^  in.     Consequently, 

18  X  15 


W= 


120' 


=  106.407  tons. 


1,500  X  2.5 


4-  1 


106.407 


=  17.7445  tons  =  35,489  lb.     Ans. 


(1163)     23V-inch  shafting.     See  Art.  1964. 
(1154)     See  Fig.  39. 


Fig.  39. 


(1155)  v^ee  Fig.  40.  By  trigonometry,  dc-. 
sin  23''  =  87  X  .30073  =  3:5.i/94  lb.  a  6-  =  87  X  cos  23°: 
.92050  =  80.084  lb. 

(1156)  Apply  formula  121. 

IV=  18,000  X  .5'  =  4,500  lb.,  the  load.     Ans. 

(1 1 57)  Applying  formula  1 26, 


87  X 
87  X 


C=. 0408 V' 14,000=:  4.83  in.,  the  circumference,  nearly.    Ans. 


§w 
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(1 158)     Applying  formula  131, 

1^^^      4  X  2*  X  .6  X  150       .^^  ..        . 

Load  = =  480  lb.     Ans. 

6 


Scais  J^^Jth, 


^OTb. 


FlO.  40. 


(1169)     Apply  formula  135.     The  constant  for  cast 
iron  is  90  (see  Table  40). 

T^-        .          .5/90  X  1,000      ,^  ,  .  .    ^ 

Diameter  =  y —^ =  10.4  in.     Ans. 

oO 

(1160)     See  Fig,  41. 


7^lti 


FlO.  41. 


6  MECHANICS. 

(1161)    See  Fig.  42. 


§" 


FIG.  42. 

(1 162)  4G  -  27  =  19  lb.,  acting  in  the  direction  of  the 
force  of  46  lb.     Ans. 

(1 163)  Area   of   cross-section  =  If  X  3  =  5.25   sq.    in. 
Applying  formula  118, 

IV=  5.25  X  0,000  =  31,500  lb.,  the  safe  load.     Ans. 

(1 164)  Apply  formula  1 24. 


Circumference  =  .liHYzz:  .1  4/2,400  =  4.9  in.     Ans. 

(1 1 65)  See  Fig.  43. 

(1166)  The  graphical  construction  is  clearly  shown  in 
Fig.  44. 

(1167)  See  Arts.  1926  to  1928. 

(1168)  Apply  formula  121. 

W=  18,000  X  (H)'=  11,883  lb.,  the  greatest  safe  load.    Ans. 

(1169)  Apply  formula  126,  and  use  .0316  instead  of 

•0408,  since  the  rope  is  of  steel. 

C  =  .  0310  4/8,000  =  2. 83  in.     Ana 
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(1170)     Apply  formula  130,  and  multiply  the  result 
by  2. 

IV  =  "^^  ^'y  ^  ^^''^  X  2  =  4,008  lb.,  the  load.     Ans. 


Pio.  44. 


(1171)  Apply  formula  1 34. 

K  =  ^^ — -5 — -  =  lOCii  revolutions  per  minute.     Ans. 
•± 

(1 172)  See  Arts.  1929  to  1931. 

(1 1 73)  Apply  formula  1  22. 

ir=  12,000  X  ay  =  4,G87.5  lb.     Ans. 

(1 174)  Apply  formula  1  25. 

IV  =  000  X  (>'  =  21 ,000  lb.     Ans. 

(11  75)     4  ft.  =  48  in.     Area  to  be  sheared  =  48  X  i== 
24  sq.  in.     Applyinjj^  formula  132, 

IV  =  24  X  40,000  =  000,000  lb.,  the  force  required.     Ans. 

(1 1 76)     Applying  formula  1 34, 

70  X  200 

^^  -  =  40.8  revolutions  per  minute,  nearly.     Ans. 


§  17  MECHANICS.  9 

(1177)  See  Art.  1963.  Area  to  be  punched  =  1  x 
3.1416  X  -A^  =  1.37445  sq.  in.     Applying  formula  132, 

force  =  1.37445  X  40,000  =  54,978  lb.     Ans. 

( 1 1 78)  Apply  formula  1 33. 

Jo 

(11 79)  Total  pressure  against  the  head  =  44*  X  .  7854  X 
100  =  152,053.44  lb.     Applying  formula  119, 

.    ,    ,        152,053.44       ^^  ,,         .  , 

area  of  studs  =  — *        —  =  30.41  sq.  m.,  nearly. 

30.41  -5- 1.057  =  29  studs.     Ans. 
(1  ISO)     Apply  formula  1 25. 

Load  =  GOO  X  4*  =  9,600  lb.     Ans. 

(1181)  Apply  formula  1 28. 

-       .       2.5' X  1.5  X  100      ,,^,  ,,  ,  . 

Load  = j-z =  201  lb.,  nearly.     Ans. 

(1 182)  Apply  formula  1 33. 

Horsepower  =  ^  ^^\^^ =  20.445.     Ans. 

oo 

(1183)  Area  of  cross-section  =  (U)'  x  .7854  =  1.7671 
sq.  in.     Apply  formula  118. 

Safe  steady  load  =  12,000  X  1.7671  =  21,205.2  lb.     Ans. 

(1 1 84)  Apply  formula  1 23. 

fr=  100  X  6*  =  3,600  lb.,  the  safe  load.     Ans. 

(1185)  Substituting  the  values  of  C  =  40,  .S' =  14*  X 
.7854  -  11.5*  X  .7854  =  50.0693,  /.  =  20  X  12  =  240,  a  = 
562. 5y  and  rf=  14  in  formula  127,  we  have 

^        40  X  50.0693  2,002.772      ^  ^,^  ,^, 

^^        240'  ,   ^=1:5225-=^^-^^^'^^^""^ 

662.6  X  14'"^ 

h^^:^  =  219. 24  tons.     Ana 
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( 1 1 86)  See  Art.  1 963.    Area  punched  =  1^  X  3. 1416  X 
}=3.5343sq.  in.     Force  =  3. 5343x60, 000  =  212, 058  lb.  Ans. 

(1187)  See  Fig.  45. 


{a)  ac=  325  X  cos  15° 
(b)  *<r  =  325x  sin  15° 


-JSP" 

PlO.  45. 

325  X  .96593 
325  X  .25882 


313.93  lb.  Ans. 
84. 12  lb.  Ans. 
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(1188) 

(1189) 

(1190) 

(1191) 

(1192) 

(1193) 

(1194) 

See  Arts.  1970  to  1977. 

See  Arts.  1972  to  1974. 

Less.     See  Art.  1 982. 

See  Arts.  1975  to  1977. 

{a)  See  Art.  1979. 

{d)   and  (c)  See  Art.  1 978. 

{d)  See  Art.  1982. 

See  Arts.  1984  to  1986. 

(a)  and  (b)  See  Arts.  1980  and  1981. 

(c)  1  B.  T.  U.  =  778  ft. -lb. 
30i-  B.  T.  U.  =  'dOi  X  778  =  23,720  ft. -lb.    Ans. 

(1195)  35  H.  P.  =  35  X  33,000  ft. -lb.  per  min.  =  35  X 

oo  AAA  V,  an  U     IK      u  3^  X  ^3,000  X  GO  ^  -,  .. 

33,000  X  60  ft. -lb.  per  hour  = ^-— B.  T.  U.  per 

hour  =  89,074.5  B.  T.  U.  per  hour. 

But  this  is  the  heat  actually  used,  or  20ji^  of  the  whole. 
Hence,  the  heat  required  is  89,074.5 —  .20  =  445,372. 5  B.T.U. 
per  hour.     Ans. 

(1 196)  One  horsepower  =  33,000  X  00  ft. -lb.  per  hour  = 

33,000  X  60  -.  -,  ,.  , 

— —=;=r\ B.  T.  U.  per  hour. 

778  ^ 

Each  pound  of  coal  gives  14,000  B.  T.  U.,  of  which  85^,  or 
14,000  X  .08  =  1,120  B.  T.  U.,  is  utilized.  Hence,  the  coal 
required  per  hour  per  H.  P.  is 

§18 
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(1197)  The  specific  heat  of  sulphur  is  .2026.  (See 
Table  41.)  By  formula  136,  U=c  rF(/,-/)  =  .2026x  22^  X 
(08  -  44)  =  100.4  B.  T.  U.     Ans. 

(1198)  {a)  See  Art.  1984, 

{h)  To  raise  the  ice  from  17°  to  32°  requires  for  each 
pound  .504  X  (32  -  17)  =  7.5G  B.  T.  U.  To  melt  it  requires 
144  B.  T.  U.  Hence,  1  lb.  requires  144  +  7.66=151.5(5 
B.  T.  U.     11  lb.  requires  11  X  151.56  =  1,667.16  B.  T.  U. 

Ans. 

(1199)  By  formula  136,  f/=  r  fF (/,-/)  =  .4805  X 
6  X  (342  -  310)  =  92.256  B.  T.  U.    Ans. 

( 1 200)  Using  formula  1 37, 

18X. 0051 X 305+13 X.l  138X278+32X1X56  _  o      a 

18X.0ir5f+13x. 1138+32x1  -77.45.    Ans. 

(1201)  {a)  066  B.  T.  U.     Ans. 

{b)  To  raise  a  pound  of  water  from  63°  to  212°  requires 
212  —  63  =  140  B."T.  U.  To  change  it  into  steam  requires 
OOC.OOO  more  B.  T.  U.  066  +  140  =  1,115  B.  T.  U.  for  1  lb. 
Hence,  8  X  1,115  =  8,020  B.  T.  U.  are  required.      Ans. 

(1202)  To  change  1  lb.  of  ice  from  23°  to  32°  requires 
(32  -  23)  X  ./>()4  =  4.536  B.  T.  U.  To  melt  the  ice  requires 
144  B.  T.  U.  To  (  hange  the  water  at  32°  to  water  at  212° 
requires  ISO  B.  T.  U.  j)cr  pound.  To  change  the  water 
at  212"  into  steam  at  212"  requires  066  B.  T.  U.  per  pound. 
4.:)3(;  + 144+  180  + OOO  r=  1,204.536  B.  T.  U.  per  pound. 
For  2.2  pounds,  1,204.536X2.2  =  2,847.98  B.  T.  U.,  as 
required.     Ans. 

(1203)  See  Arts.  1991  to  1993. 

(1204)  See  Art.  2024  and  Arts.  2027  to  2030. 

(1205)  In  the  return-tubular  boiler  the  one  or  two 
large  flues  are  replaced  by  a  large  number  of  small  tubes. 
In  other  respects,  the  boilers  are  quite  similar  in  principle. 


§18  STEAM   AND   STEAM-BOIT.ERvS.  ;3 


(1206 
(1207 
(1208 
(1209 
(1210 
(1211 
(1212 


See  Art.  2024. 

See  Arts.  2017,  2023,  2025,  and  2028. 

See  Art.  2024. 

See  Art.  2023. 

See  Art.  2011. 

See  Art.  2011. 

{a)  See  Art.  2004. 

(6)  The  temperature  at  which  combustion  takes  place  is 
always  the  same  for  the  same  substance.  The  nitrogen 
reduces  the  temperature  of  the  furnace,  since  a  portion  of 
the  heat  given  off  by  combustion  is  required  to  heat  the 
nitrogen. 

(1213)  No.     See  definition  of  combustion,  Art.  2003. 

(1214)  See  Art.  2007. 

(1215)  See  Art.  2()08. 

(1216)  The  number  of  heat  units  required  to  convert 
a  pound  of  water  at  32°  into  steam  at  4:00°  may  be  found  by 
means  of  formula  140. 

//=  1,081.4  +  .305  X  400  =  1,203.4  B.  T.  U.     Ans. 

(1217)  In  order  to  use  formula  140,  the  temperature 
must  be  known.  This  can  be  found  when  the  pressure  is 
known,  by  means  of  formula  138.  Applying  the  formula, 
/=  14  VT75  + 199=  384.2'',  the  temperature  of  saturated 
steam  having  a  pressure  of  175  pounds  per  square  inch. 
Now,  using  formula  140, 

//=  1,081.4  +  .305  X  384.2  =  1,11)8.0  B.  T.  U.     Ans. 

(1218)  Since  the  expansion  follows  Mariotte's  law,  the 
final  pressure  may  be  found  by  the  formula /^  =^-^.     Sub- 

stitutmg,  /,  = ^—  =  24  lb.   j)er  scj.    in.   above  vacuum. 

24—  14.7  =  9,3  lb.  per  sq.  in.  above  atmosphere.     Ans. 
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(1219)  From  Tabic  42,  column  5,  the  total  heat  of 
combustion  of  one  pound  of  coal  is  found  to  be  14,133 
B.  T.  U. 

11  X  13  X  5  =  715  pounds  of  coal  burned  in  5  hours. 

14,133  X  715  =  10,105,095  B.  T.  U.  generated  by  the  com- 
bustion  of  the  coal.     Ans. 

(1220)  According  to  Table  42,  the  amount  of  air 
required  for  the  complete  combustion  under  a  blast  draft  is 
found  to  be  14  pounds.  Hence,  the  amount  of  air  required 
for  combustion  of  the  coal  in  Question  1219  is 

715  X  14  =  10,010  pounds.     Ans. 

(1221)  The  number  of  pounds  of  water  having  a  tem- 
perature of  (52°  which  can  be  converted  into  steam  having  a 
temperature  of  212°  is  found,  from  Table  42,  column  G,  to 
be  12.07  pounds.  Hence,  the  total  quantity  of  water  which 
could  be  evaporated  under  the  above  conditions  by  the 
combustion  of  715  pounds  of  coal  is 

12.07  X  715  =  9,059.05  pounds.     Ans. 

(1222)  Since  the  pressure  is  3,000  pounds  per  square 
foot  above  a  vacuum,  and  there  are  144  square  inches  in  a 

r     .  .1  I  •    3,000       .^  , 

square  foot,  the  pressure  above  a  vacuum  is  -—-rr-  =  25  pounds 

144 

per   square  incJi.     Consecjuently,    the   pressure    per  square 

inc.h  above  the  atmosphere  is  25  —  J4.7  =  10.3  pounds.    Ans. 

(1223)  See  Art.  2001. 

(1  224)  According  to  formula  138,  the  required  tem- 
perature is 

/  =  \m  -Y  14  X  i'r52  =  371.02^  F.     Ans. 

(1225)     Applying  formula  139,  we  have  for  the  required 

—  -  Y~~  )  =  5. 50    pounds   per    square    inch 
gauge-pressure.     Ans. 

(122t>)  132  tons  equal  132x2,000  =  204,000  pounds. 
204,000  X  290  =  78,144,000  =  fool-pounds  of  work  necessary 
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9  raise  the  coal  to  the  top  of  the  shaft.     Since  1  B.  T.  U.  = 
i  foiit-pounds,  the  heat  supplied  is 
98.144.000 


778 


-  =  100,442.15  B.  T.  U.     Ans. 


(1227)     277,l60x  77B=-215,tl30,4SUfoot.[)oundsi 
done  by  the  engine  in  two  hours. 
215.«3a.4KM 


I  Hence,  ■ 


-  =  1117,815,240  ft. -lb,  done  ii 


(1 228)  The  strength  of  any  conslruciion  is  always  that 
of  its  weakest  part.  In  the  present  example  the  diameter 
and  thickness  of  the  steam  and  water  drums  only  are  given, 
the  thickness  of  the  flues,  mud-drum,  and  boiler-shell,  and  the 
diameter  of  the  boiler-shell  being  omitted.  Such  being  the 
case,  we  must  confine  ourselves  to  the  strength  of  the  steam 
and  water  drums,  assuming  thai  the  other  parts  of  the 
boiler  have  been  made  correspondingly  strong.  The  pres- 
sure which  the  steam-drum  will  safely  sustain  is  found  by 

formula  141    to  be  ■  ■  '       — I?  =  2111.25  pounds  per  square 

inch, and  the  pressure  which  the  water-drum  will  safely  sustain 

is  found  by  the  same  formula  to  be  — ^— ^-- — 32  =  259.6  pounds 

per  square  inch.  Since  the  safe  pressure  upon  the  steam- 
drum  is  less  than  that  which  can  be  sustained  by  the  water- 
drum,  the  pressure  on  the  boiler  must  not  exceed  the  safe 
pressure  which  can  be  sustained  by  the  steam-drum ;  that  is, 
R6.2S  pounds  per  square  inch.     Ans. 

|(1229)  From  Table  43.  it  is  seen  that  from  14  lo  18 
lare  feet  of  water-heating  surface  are  required  to  produce 
(  horsepower  with  a  return-tubular  boiler.  Using  16 
lare  feet  as  a  mean,  wc  obtain 


l.t 


10 


lol^  H.  P.     Ans. 


((1230)      In  the  same  manner  as  in  example  1220,  it  is 
ind    that   about    11  square   feet   of    heating-surface   are 


6  STEAM   AND   STEAM-BOILERS.  §18 

required  to  produce  1  horsepower  with  a  water-tube  boiler. 
Hence, 

H.  P.  =    *        =  276  horsepower.     Ans. 

(1231)  Applying  formula  142^  the  height  of  the 
chimney  is  found  to  be 

__  r  348  T      r 348 T_ 

"  L3.33  X  12-  2-/12J  "  L3.33  X  12  -  (2  X  3.464)J   "" 

111  ft.     Ans. 

(1232)  The  dome  and  the  dry-pipe.  See  Arts.  2022 
and  2023. 

(1233)  See  Art.  2019. 

(1234)  Blow-off  pipes  are  provided  to  remove  the  col- 
lected sediment.  The  boiler  is  also  provided  with  manholes 
or  handholes  for  cleaning  purposes. 

(1236)     See  Art.  2013. 

(1236)  To  avoid  overheating  and  burning  out  the 
upper  plates  of  the  furnace.  So  long  as  the  water  is  in 
contact  with  the  plates  which  are  next  to  the  fire,  they 
can  not  be  overheated  or  burned. 

(1237)  See  Art.  2023. 

(1238)  See  Art.  2017. 

(1239)  See  Art.  2018. 

(1240)  Answer  from  the  result  of  your  own  obser- 
vations. 

(1241)  The  steam-pipe  conveys  the  steam  after  it  is 
generated  from  the  boiler  to  the  place  where  it  is  used. 
The  feed-water  pipe  is  the  one  through  which  the  water  is 
introduced  to  the  boiler.  A  blow-off  pipe  is  one  attached 
to  the  lower  part  of  the  boiler  or  to  a  mud-drum.  It  is  used 
to  empty  the  boiler  of  the  whole  or  a  part  of  its  contents. 

(1242)  See  Art.  2012. 


STEAM   AND   STEAM-BOILERS.  7 

[  (1243)  The  arm  of  the  safety-valve  is  a  lever  in  which 
6  power  is  the  total  steam -pressure  on  the  valve,  0  X  81  = 

PB6  pounds.  The  power  arm  is  2  inches,  and  the  weight  is 
I  pounds.  Calling  the  weight  arm  i>,  we  have,  from  for- 
mula 94, 

Pa  =  rr^.  or  48fi  X  3  ^  54  X  *. 


480  X  2 

-=  in  m.      ii-iis. 

1(1,234X1 


I  Hence,  6  =  — rj — -  =  IS  in.     Ans. 


(1244)  According  to  formula  141,  /  = 
127.8  pounds  per  square  inch,  the  greatest  pressure  under 
which  it  would  be  safe  to  operate  a  boiler  of  these  dimen- 

(1245)  See  Art.  2033. 

(1246)  («)   See  Art.  203S. 
(i)  The  top  and  sides  of  the  furnace,  and  the  tubes. 

(1247)  Using  formula  141 ,  /  =  ^^'^^^^^^^  =  91^  lb. 

per  sq.  in.,  the  safe  working  pressure.     Therefore  it  would 
be  unsafe  to  use  110  lb.  pressure. 

(1248)  ((*)  According  to  Table  43,  a  vertical  boiler  has 
from  15  to  20  square  feet  of  heating-surface  per  horsepower. 
Assuming  18  sq.ft.  per  H.  P.,  the  heating-surface  will  be 
35  X  18  =  C30  square  feet.     Ans. 

(a)  Since  the  heating-surface  is  25  to  30  times  the  grate 
area,  the  latter  must  lie  between  ^y  =  25.3  sq.  ft,  and  ^^  = 
21  sq,  ft. ;  say  about  23  sq,  ft.      Ans. 

(f)  One  horsepower  is  equivalent  to  an  evaporation  of 
30  pounds  of  water  per  hour,  the  feed  being  at  100°  and  the 
steam -pressure  at  70  pounds.  The  evaporation  per  hour  is, 
therefore.  35  X  30  =  1,050  lb.     Ans. 
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(1249)  The  stationar}'  parts  of  a  plain  slide-valve 
engine  are  the  steam-cylinder,  steam-chest,  supply-pij^e, 
exhaust-pipe,  guide-bars,  shaft-bearings,  and  the  bed  or 
frame  of  the  engine. 

(1260)  The  expansion  curve  of  steam  on  an  indicator- 
card  represents  the  decrease  of  pressure  of  the  steam  after 
cut-off,  corresponding  to  the  increase  of  volume. 

(1 261 )  It  passes  its  central  position  during  the  interval 
between  the  point  of  release  of  the  steam  from  the  head  end 
of  the  cylinder,  and  the  point  of  compression  of  the  steam 
in  the  crank  end  of  the  cylinder,  during  the  forward  stroke 
of  the  piston,  and  conversely  for  the  backward  stroke. 

(1252)  Plain  slide-valves  usually  cut  off  between  onc^- 
half  and  full  stroke. 

(1263)  The  points  of  cut-off  and  release  arc  marked, 
as  shown  in  Figs.  46,  47,  48,  and  49.  The  perpendicular 
distances  from  these  points  to  the  atmospheric  line  arc 
measured.  Multiplying  the  lengths  of  these  pcrpendicularH 
by  45,  the  scale  of  the  spring,  we  obtain 

1.3750  in.  X  45  =  61.8750  lb.  for  cut-off  | 
.5625  in.  X  45  =  25.3125  lb.  for  relea.sc  f   *  *^*     '* 

1.3750  in.  X  45  =  61.8750  lb.  for  cut-off  | 
.6800  in.  X  45  =  30.6000  lb.  for  release  f    *  *^' 

1.3800  in.  X  45  =  62.1000  lb.  for  cut-off  / 
.1200  in.  X  45  =    5.4000  lb.  for  release  f     ^^' 

1.3700  in.  X  45  =    61.650  lb.  for  cut-off  i 
.1200  in.  X  45  =    5A(H)()  lb.  for  release  \    '*^' 

819 
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To  find  the  back-pressure,  in  each  case,  find  the  perpen- 
dicular distance  between  the  lowest  point  of  diagram  and 
j,it^  - 


FlQ.  48. 

the  atmospheric  line ;  multiply  by  45,  the  scale  of  the  spring, 

and  the  products  will  be  as  follows: 
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.006  in.  X  45  =  3.925  lb.  1  j at: k- pressure  (or  Fig.  4(1. 
.070  in.  X  45  =  3.15    lb.  back-pressure  for  Fig.  47. 


Fic.  51. 

.073  in.  X  45  =  3.285  lb.  back-pressure  for  Fig.  4a 
.OT6  in.  X  45  =  3.375  ib.  back-pressure  for  Fig.  49, 
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To  determine  the  steam-pressure  in  the  cylinder  at  the 
point  of  compression,  we  must  combine  diagrams  A  and  B 
and  £  and  F.  These  diagrams  are  combined  by  placing 
B  upon  A  and  F  upon  B^  the  atmospheric  and  extreme 
right  and  left  hand  lines  coinciding.  The  height  a  b  oi  the 
diagram  />,  in  Fig.  50,  represents  the  pressure  of  the  steam 
in  the  crank  end  of  the  cylinder  at  the  point  of  compression 
of  the  diagram  A.  This  is  as  it  should  be,  since  the  com- 
pression curve  i.3  drawn  by  the  pencil  of  the  indicator  when 
the  piston  is  making  its  return  stroke.  In  a  similar  manner, 
the  pressure  of  the  steam  in  the  head  end  of  the  cylinder 
at  the  point  of  compression  in  the  crank  end  is  the  height 
a'  b'  of  A,  In  Fig.  51  the  height  ab  represents  the  pressure 
at  compression  for  E^  and  a'  b'  the  same  for  /^  These 
results  tabulated  are  as  follows: 

.85  in.  X  45  =  38.25  lb.  for  A. 
.74  in.  X  45  =  33.30  lb.  for  B. 
.90  in.  X  45  =  40.50  lb.  for  E. 
.90  in.  X  45  =  40.50  lb.  for  F. 

(1254)  Project  the  extreme  right  and  left  hand  points 
of  the  indicator-diagrams  upon  the  atmospheric  line;  divide 
the  distance  between  them  into  any  number  of  equal  spaces — 
20  in  this  case — and  through  the  centers  of  these  spaces  draw 
lines  across  the  diagram  perpendicular  to  the  atmospheric 
line.  Now  measure  the  length  in  inches  of  each  of  these 
perpendicular  lines  (the  lengths  arc  given  in  all  the  figures), 
and  take  their  sum ;  divide  this  sum  by  the  number  of  the 
equal  spaces  into  which  the  atmospheric  line  is  divided,  and 
multiply  the  quotient  by  the  scale  of  the  spring. 

Sum  of  the  perpendiculars  of  the  diagram  of  Fig.  40  = 
24.02  in. ;  then, 

^-  X  45  =  41.573  lb.,  M.  E.  P. 

Sum  of  the  perpendiculars  of  the  diagram.  Fig.  47,  =  26  in. ; 

then, 

14  X  45  =  45  lb..  M.  E.  P. 
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The  average  M.  E.  P.  for  both  diagrams  is 

41.573+45       ,ooniu  •         A 
^ =  43.29  lb.  per  sq.  m.     Ans. 

(1266)  Sum  of  the  perpendiculars  of  the  diagram, 
Fig.  48,  =  8.32  in.;  then, 

^  X  45  =  14.40  lb.,  M.  E.  P. 
26 

Sum  of  the  perpendiculars  of  the  diagram,  Fig.  49,=  8.97; 
then, 

^  X  45  =  15.525  lb.,  M.  E.  P. 

The  average  M.  E.  P.  for  the  two  diagrams  is 

14.40  +  15.525      ,,  ^^  |,  .         A 
!- =  14.96  lb.  per  sq.  m.     Ans. 

(1256)  Area  of  15-inch  piston  =  15*  X  .7854  =  176.715 
square  inches. 

Using  formula  143, 

(1267)  Proceeding  as  in  example  1256, 

J  jj   p  ^  14.96  X  2  X^iy  15X175  ^  ^^^^  j  ^  p      ^„^ 

(1258)  The  actual  horsepower  is  81.14  —  28.04  =  53.1 
H.  P.     Ans. 

Applying  formula  146,  the  efficiency  is 

53  1 

,^  '  .  =.654  =  65.4  per  cent.     Ans. 
ol.l4 

(1259)  The  force  of  gravity  and  the  centrifugal  force. 

(1260)  See  Art.  2098. 

(1261)  The  piston,  piston-rod,  cross-head,  connecting- 
rod,  crank,  crank-shaft,  eccentric,  eccentric-rod,  slide-valve, 
and  fly-wheel. 
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(1262)  In  order  that  the  energy  stored  in  them  may 
be  utilized  in  carrying  the  crank  over  its  dead-center  posi- 
tion, and  also  to  cause  the  engine  to  run  at  a  more  uniform 
speed. 

(1263)  Compression  is  taking  place.  See  Fig^.  50 
and  51. 

(1264)  Any  portion  added  to  the  length  of  a  valve 
more  than  is  absolutely  necessary,  in  order  to  cover  the  out- 
side edges  of  the  steam-ports  when  the  valve  is  in  its  central 
position,  is  called  the  outside  lap  of  the  valve.  It  is  added 
to  enable  the  valve  to  cut  off  the  live  steam  before  the 
piston  reaches  the  end  of  its  stroke. 

(1266)  Apply  rule.  Art.  2069.  Cut-off  in  the  dia- 
gram, Fig.  807,  takes  place  at  a  point  1.34  inches  from  a. 
See  Fig.  46. 

1  34 
Therefore,  cut-off  equals  x^,  or  41j^  of  stroke. 

Cut-off  in  the  diagram.  Fig.  808,  takes  place  at  a  point 
1.48  inches  from  a.     See  Fig.  47. 

1  48 
Therefore,  cut-off  equals  ^r-^,  or  46j<  of  stroke,  nearly. 

Cut-off  in  the  diagram,  Fig.  809,  takes  place  at  a  point 
.255  inch  from  a.     See  Fig.  48. 

255 
Therefore,  cut-off  equals^—-,  or  7.8j^  of  stroke. 

Cut-off  in  the  diagram,  Fig.  810,  takes  place  at  a  point 
.246  inch  from  a.     See  Fig.  49. 

246 
Therefore,  cut-off  equals  ij-^,  or  7. 6j^  of  stroke. 

In  each  case  the  length  of  the  diagram  is  3.25  inches. 

(1266)  The  indicated  horsepower  of  this  engine  will 
be  about  one-half  greater  than  the  actual  horsepower,  or 
Y-4-  65  =  97.5  horsepower.     See  example.  Art.  2077* 

A  fair  piston  speed  is  500  feet  per  minute. 
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Assume  the  cut-off  to  be  taken  at  J  and  the  boiler-pressure 
■  be  7U  pounds  per  square  inch.      Applying  formula  144, 
bM.  E.  P.  =  .;»  [.037(70+ 14.7)-  17]  =  5(!.13  pounds  per 
ire  inch.     Letting  ^=:  diameter  of  cylinder, 

I   H   P  =  '^'X  .7S54X  56.13  X  500  _        . 
'      ■     '       "  3a,000  '    "'  ^'^ 

./       97.5  X  33,0OU  ,^  „«  .      L  ,„  ■      u 

'^   .7854  X  5«.ia  X  50U  =  ^'"^  ■"'^^"^-  "^  '^"^  ^^  '"'=''"^- 
■'Taking  the  ratio  of  stroke  to  diameter  of  cylinder  as  li, 
have    stroke  =  13  X  H  =  18    inches.       The    number    of 
IVolutions  of  the  crank  is 


18 
P(1907)  A  combination  of  two  single-cylinder  engines 
f  exactly  the  same  description  and  dimensions,  which  have 
their  cranks  rigidly  connected  to  a  common  crank-shaft 
and  take  the  steam  at  the  same  pressure,  is  called  a  duplex 
engine. 

rtnw/p«»(/engines  are  those  having  two  cylinders,  of  which 
the  working  lengths  are  usually  the  same,  but  the  diameter 
of  one,  the  high-pressure  cylinder,  is  less  than  that  of  the 
other,  the  low-pressure  cylinder,  and  the  steam,  instead  of 
entering  both  cylinders  al  boiler-pressure,  enters  first  the 
^^igh- pressure  cylinder,  and  is  exhausted  from  there  into 
^^■e  lov-pressure  cylinder 

HHgl 
^K«rl 


b(1298)     One  in  which  the  cylinder  is  in  a  vertical  or 
right  position. 

Ii(1268)  The  stroke  of  an  engine  is  the  distance  passed 
rer  by  the  piston  when  moving  from  one  end  of  the  cylin- 
der to  the  other  end,  and  is  equal  to  the  throw  of  the  crank, 
or  t')  the  diameter  of  the  circle  described  by  the  center  of 
the  crank-pin- 

(I270)     An  eccentric  is  a  disk,  or  wheel,  so  arranged 

upon  a  shaft  that  the  center  of  the  wheel  and  that  of  the 

^Hfcaft  do  not  coincide.      It  is  equivalent  to  a  crank  having 
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the  same  throw,  and  is  used  to  give  motion  to  the  slide- 
valve. 

(1271)  It  is  the  period  during  which  the  steam  remain- 
ing in  the  cylinder  after  the  exhaust-valve  has  closed  is 
compressed  as  the  piston  continues  the  return  stroke.  It 
begins  at  the  instant  that  the  valve  closes  the  port  to  the 
exhaust-steam. 

(1272)  It  shortens  the  period  of  release  and  lengthens 
both  the  period  of  expansion  and  compression. 

(1273)  It  permits  an  earlier  cut-off,  together  with  a 
greater  range  and  more  perfect  steam  distribution. 

(1 274)  Using  formula  1 43, 

,   „   p   _  62.4  X. 7854  X  18*X  Hx  2x  175_ 
^'      '       ""  33,000  "" 

336.825  I.  H.  P.     Ans. 

(1275)  By  setting  the  cranks  at  right  angles,  both 
engines  can  not  be  on  a  dead-center  at  the  same  time. 

(1276)  See  Arts.  2097  and  2098. 

(1277)  By  the  bore  of  a  cylinder  is  meant  its  diameter. 

(1278)  Steam  is  called  live  steam  when  it  leaves  the 
boiler  and  before  doing  any  work  in  the  cylinder.  The 
energy  stored  in  the  live  steam  is  potential  energy. 

(1279)  The  fly-wheel  supplies  the  force  necessary  to 
overcome  the  retarding  effect  of  compression. 

(1280)  (ci)  The  dead-center  positions  occur  when  the 
piston  reaches  the  end  of  its  stroke,  and  the  centers  of 
the  cross-head  pin,  crank-pin,  and  crank-shaft  are  in  the 
same  straight  line. 

(b)  Twice. 

(1281)  A  steam-engine  indicator  is  an  instrument 
which  draws  a  diagram  showing  the  pressure  of  the  steam 
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I  the  cylinder  at  every  point  of  the  stroke.     See  Fig.  (179 
r  method  of  fastening  to  cylinder. 
P<1282)     See  Art.  2097. 
(1383)     See  Art.  2039. 

(12S4)  It  is  the  resistance  against  being  pushed  into 
;  condenser  or  the  atmosphere  which  the  c.xhaust-stoaiB 
*rts  on  the  piston. 

F.(l  285)  By  period  of  release  is  meant  that  period  during 
hich  the  steam  is  escaping  into  the  atmosphere  or  con- 
mser.  The  point  of  compression  marks  the  end  of  release. 
1(1286)     See  Art.  2049. 

B,(1287)  Two.  One  spring  is  to  resist  any  upward 
rtion  of  the  indicator-piston,  and  the  other  is  to  carry 
!  drum  back  to  its  first  position  when  the  pull  on  the 
I  is  discontinued. 

f  (1288)     The  back-pressure  line  would  then  fall  below 
its  present  position  a  distance  represented  by  a  pressure  of 

t  X  14.7  =  12^-  pounds  =  — ^  =  .27  inch,  nearly.     Then,  for 

in    effective    pressure,    the    cut-off   would   be 


1 


(1 


E 


■licr. 

(12S») 
(129U) 
(1291) 
(1292) 
(1293) 
[pressed. 

1294)  See  Art.  20S0. 
(1295)  See  An  205S. 
(1290)  See  Art  2055. 
(1297)  See  Art.  2078. 
298)     See  Art   2039. 


See  Art.  2091. 
See  Art.  2039. 
See  Art.  2042. 
Release  is  taking  place. 
Tile  varying  pressures  of  the 
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(1299 
(1300 
(1301 
(1302 
(1303 


See  Art.  2060. 

At  the  end.     See  Art.  2045« 

See  Arts.  2048  and  2050. 

See  Art.  2055. 

Using  formula  144  and  the  constants  in  Tah 
44,  the  M.  E.  P.  for  -^  cut-off  is 

.9  [.708  (75  +  14.7)  -  17]  =  41.86  lb.  per  sq.  in.     Ans. 

For  cut-off  at  ^  stroke, 

M.E.P.  =  .9[.847(75  +  14.7)-17]  =  63.16lb.  per  sq.  in.    An 

(1304)     See  Art.  2080. 

See  Art.  2092. 

See  Art.  2039. 

See  Art.  2044. 

Closed.     See  Art.  2046  and  Fig.  670  (a\. 

See  Art.  2045. 

Using  formula  145, 


(1305) 
(1306) 
(1307) 
(1308) 
(1309) 
(1310) 


^      /R        ,      OS      350X6       ,,,  .     , 
o  =  —  or/=-^=  —  =  12  mches. 


Ans. 


(1311) 
(1312) 
(1313) 
(1314) 

(1315) 
(1316) 


See  Art.  2080. 

See  Arts.  2094  and  2098. 

See  Art.  2039. 

See  Art.  2043. 

See  Art.  2052. 

Applying  the  rule,  Art.  2056, 

length  =  ^— - —  =  24  inches.     Ans. 

1  <i 


(1317)  Applying  formula  145, 

^^/^^  48X50  =400  feet  per  minute.     Ans 

(1 31 8)  See  Art.  2085. 
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(1319)  See  Arts.  2096  and  2097. 

(1320)  See  Art.  2044. 

(1321)  SeeArt.  2044. 

(1322)  Formula  143  gives 

I  H  P  -P^'A^  -  ■^3.4  X  -fl  X  22*  X  .7854  x  2  X  200 _ 
■     ■    •        33,000   ~  33,000  ~ 

800  H.  P.,  nearly.     Ans. 

(1323)  See  Art.  2061. 

(1324)  Applying  formula  145, 

^     IR        D      65 
S  =  —,orR  =  -j-; 

therefore, 

R  =  — gr- —  =  75  rev.  per  mm.     Ans, 

(1326)    See  Art.  2081. 
(1326)    See  Art.  2095. 


■  U 
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^  (1327)     See  Art.  2101. 

( 1 328)  (ii)  4  ft.  =  48  in.  A  cubic  inch  of  mercury  weighs 
49  lb. ;  hence,  the  pressure  exerted  by  4H  inches  of  mer- 
cury =  IK  X  .411=  23.53  lb.  per  sq.  m.     Aiis. 

(6)  Since  the  pressure  of  1  atmosphere  is  14.7  lb.  per  sq. 
in.,   a    pressure   of   23.52   lb.   per   sq.    in.  is   equivalent   to 

f52  -i- 14.7  =  l.fi  atmospheres.  Ans. 
1329)  A  pressure  of  1  atmosphere  will  support  a  col- 
n  of  water  34  ft.  high.  Since  the  column  of  water  is  16 
high,  the  height  of  the  confined  air  is  34  —  15  =  19  ft., 
in  other  words,  the  tension  of  the  confined  air  in  pounds 
■  square  inch  is  equal  to  the  weight  of  a  column  of  water 
1  in.  square  and  lit  ft.  high.  The  pressure  exerted  by  a  col- 
umn of  water  1  ft.  high  and  having  a  cross-section  of  1  sq. 
in.  =  12  X  .03617  =  .434  lb.  Hence  the  tension  of  the  con- 
faed  air  =  .434  X  19  =  8.24C  lb.  per  sq.  in.     Ans. 


K 


1330)     See  Arts.  2117  and  2118. 

(1331)  See  Art.  2118. 

(1332)  There  would  be  no  loss,  because  the  air  would 
have  no  opportunity  to  lose  heat  by  radiation  in  the  pipes. 
The  heat  stored  in  the  air  during  compression  would  be 
available  for  useful  work. 

(1333)  See  Ans.  2121  and  2126.' 

(1334)  See  Art.  2131. 
^(1335}     See  Art.  2136. 

§  an 

Bn>r  notice  o(  (he  copyrlithi.  see  page  imnn-'1i;nely  tiillnwrnx  ilio  iltli.  imge. 

nn.—ie 


2  AIR  AND  AIR   COMPRESSION.  §  20 

(1336)  See  Art.  2145. 

(1337)  {a)  See  Art.  2113.  {i)  More  work  is  re- 
quired to  compress  air  adiabatically. 

(1338)  Applying  formula  157  and  substituting, 

/459  +  /\_  /459  +  55\ 

^*  "^^459+^/  ^59  +  120/  - 

,^      514      20,560      ^^  ^,  ,,  .  . 

40  X  -rrx  =      '  ^    =  35.51  lb.  per  sq.  m.     Ans. 

(1339)  {a)  14.7  +  9  =  23.7  lb.  per  sq.  in.,  the  tension. 
Since  the  area  of  the  piston  remains  constant,  the  volume 
at  any  point  of  the  stroke  will  be  proportional  to  the  distance 
passed  over  by  the  piston;  hence,  we  may  substitute  the 
latter  for  the  former  in  formula  151. 

v,  =  ^--  =  — —- jr — '=  49.62  m.,  distance  between  piston 

and  end  of  stroke.     The  distance  passed  over  by  piston  =  80 
—  49.62  =  30.38  in.     Ans. 

(d)  Area  of  piston  =  80*  X  .7854  sq.  in. 
Volume  of  air  at  point  of  discharge  =  80* X. 7854 X  49.62  = 
249,417.91  cu.  in. 

249,417.91  ~  1,728  =  144.34  cu.  ft.     Ans. 

(1340)  Since  the  required  horsepower  is  25  and  the 
loss  is  35^,  the  horsepower  of  the  engine  must  be  25 -r- 
(100^  -  35^)  =  25  ~  .65  =  38.46  H.  P. 

To  calculate  the  M.  E.  P.,  formula  144  may  be  used. 

M.  E.  P.  =  .9  [.904  (02  +  14.7)  -  17]  =  71.5  lb.  per  sq.  in. 

To  find  the  diameter  of  the  steam-cylinder,  substitute  in 
formula  148. 


8.  Q«    A  (I 

Length  of  stroke  =  8|  X  If  =  11^  in.     Consequently,  the 
steam-cylinder  should  be  8f  X  11^  in.     Ans. 
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(1 341 )  The  stuain-cylinder  will  show  the  greater  I.  H.  ] 
The  ilifference  represents  the  horsepower  required  to  ove 
come  the  friction  of  the  moving  parts  of  the  compressor. 


h  (1342)     See  Art.  2149. 
I<1343)     (a)   Volume  of   cyHntler  = 


2U'  X  .7854  X  33^ 
1,728 


5  8178C11.  ft. 

32  —  28  =  6  in.,  length  of  stroke  unfinished. 
The  volume  at  discharge  is  -j*^  of  volume  at  beginning  of 
stroke,  or  ,\  X  5.8178  =  l.OflOS  cu.  ft.      Ans. 

(h)  To  calculate  the  weight,  substitute  in  formula  161, 
taking  the  values  of  P,  I',  and  7"  at  beginning  of  stroke. 
PV      _        H.7  X  5.8178       _ 
~  .37058  T       .37052  X  (45!l  +  7fi)  ^ 

(1 344)  Since  the  area  of  the  cylinder  remains  constant, 
any  variation  in  the  volume  will  be  proportional  to  the 
distance  between  the  piston  and  end  of  stroke;  hence,  we 
may  substitute  the  latter  for  the  volume  in  formula  150< 

-  78.4  lb.  per  aq.  in.     Ans. 


.431«  lb.     Ans. 


■  (1345)     Using  formula  1 50, 
*  -PJL~  (3  X  1-^-7)  X  1  _ 


17.»i4  1b.     Ans. 


(1346)  Applying  formula  159  and  substituting, 
V--.  -SyOSaj^  T  _  .37052  X  7.14  X  t45il  +  '5)  _ 

?  ~  1.5X14.7       "  ~ 

64.068  cu.  ft.     Ans. 

(1347)  f>  =  H  atmospheres  =  3i  X  U.7  =  61.46  lb.  per 
sq.  in. 

Applying  formula  154  and  substituting, 

/  :  W  ::  /,  :  K',. 

51.45  :  13  ::/,  :  2. 

!i  X  51.45      -„,,,.  , 

—  7.!>I5  lb.  per  sq.  m.      A 
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(1348)  Volume  at  beginning  of  stroke  = 

48' X  7854  X  60  ^  ^^  33^  ^„  ^^ 

1,728 

Substituting   in  formula  161    to  obtain   the  weight  of 

the  air, 

,,,__      PV      _       14.7  X  C2.832        _  ,  ^^^.,, 
"  .37062  T  ""  .37052  X  (459  +  60)" 

Volume  at  time  of  discharge  = 

48'  X  .  7854  X  (GO  -  50)      ,  ^  ,  ^„         . 
r-^-7^^^ =  10.472  cu.  ft. 

To  calculate  the  tension,  substitute  in  formula  158, 
taking  the  values  of  T  and  V  at  the  time  of  discharge  and 
the  value  of  IV  as  4.8031. 

P_  .37052  WT_  .37052  X  4.8031  X  (459  +  130)  _ 
"  F  -  10.472  "" 

100.096  lb.  per  sq.  in.     Ans. 

(1349)  Applying  formula  159  and  substituting, 
^^  .37052^^7-^  .37052X1X^(459 +  127)  ^  ^^^^^  ^^  ^^ 

Ans. 

(1350)  A  pressure  of  4,000  lb.  per  sq.  ft.  is  equivalent 

to    '        ,  or  27.777  lb.  per  sq.  in.     Using  formula  169, 
144 

.37052  IVT^  -37052  X  5  X  559  ^  3^..,^  ^^  ^^      ^^^ 

P  27.777 

(1361)  Applying  formula  156  and  substituting, 

/459  +  A\       ,      /451)4-115\        ,  ^.^,,^         ,         . 
^«=H459^)  =  '^U5-9^  ^^• 

(1362)  See  Art.  2147. 

(1363)  Since  the  ordinary  temperature  is  given  in  each 
case,  we  add  459°  to  obtain  the  corresponding  absolute 
temperatures. 

459°+32°  =  491°;  459°+ 212°  =  671°;  459°+ 62°  =  521"; 
459°+  0°  =  459° ;    459°-  40°  =  419°. 
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(1354)  P=10  atmospheres  =  10  x  14.7  =  147  lb.  per 
sq.  in.     Applying  formula  160  and  substituting, 

T—  —      ^^^  ^  ^      —  4.nQ  4.170 

""  .37052  IV  "■  .37052  X  3.5  "  *^^*^'  ' 

453.417°—  459^  =  -  5.583°,  or  5.583°  below  zero.     Ans. 

(1355)  See  Art.  2134. 

(1356)  Applying  formula  ISO  and  substituting, 

^      /z/      130X11.798      ^^,.,,  . 

/,  =  - —  = jr- =  20.45  lb.  per  sq.  m.     Ans. 

PV 

(1357)  Applying  formula  160,  ^=37052  ly 

Substituting,  T=  J^^^  ^\  ,,  =  566.77°.  566.77°-459°= 
107.77°.     Ans. 

• 

(1358)  Applying  formula  1 56  and  substituting, 

/459  +  /A       „,       /459  +  420\       ^^  ^,^         ,       \ 
^.=  ^(459T^)=^^><(l59^^^  ^^^- 

(1359)  To  obtain  absolute  pressure,  1  atmosphere  must 
be  added  to  the  gauge-pressure.  6  -|-  1  =  7  atmospheres. 
Substituting  in  formula  161, 

M^-      ^^       -       14.7  X  7  X  12        _ 

"■  .37052  T  "■  .37052  X  (459  +  90)  ~  ^'^^^^^'^  ^^'> 

weight  of  12  cubic  feet.     6.07033  -r-  12  =  .50586  lb.,  weight 
per  cubic  foot.     Ans. 

(1360)  .5  lb.  =  8  oz.     1  lb.  6  oz.  =  22  oz. 

Applying  formula  154  and  substituting, 

/  :  JF::/,  :  IV^. 
14.7  :   8  ::/,  :  22. 

p^  =  — '—- =  40.425  lb.  per  sq.  in.     Ans. 
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(1361)  Apply  formula  166.    ^'.  =  ^(^59^ /)' 
Substituting, 

3,385.42  -5-  1,728  =  1.96  cu.  ft.     Ans. 

(1362)  /'=  11:  X  14.7  lb.  per  sq.  in. 
Applying  formula  161  and  substituting, 

JV^      J'^      =       IjX  14.7X55      ^  1.010.625  _ 

.  37052  T       .  37052  X  (459  +  88)       202. 67444  "    •  *   ^^^^ 

(1363)  Since  the  temperature  and  volume  in  both  ves- 
sels are  the  same,  the  pressure  of  the  mixture  will  be  equal 
to  the  sum  of  the  pressures. 

2  atmospheres  =  2  X  14.7  =  29.4  lb.  per  sq.  in. 

29.4  +  40  =  69.4  lb.  per  sq.  in.     Ans.     See  Art.  2167. 

(1364)  We  would  understand  that  the  mercury  had 
fallen  7  inches,  and  that  there  was  enough  air  in  the  con- 
denser to  produce  a  pressure  of  - — — —  x  14.7,  or  -yV  X 
14.7  =  3.43  lb.  per  sq.  in.     Ans.     See  Art.  2166. 

(1365)  144  X  14.7  =  2,116.8  lb.  per  sq.  ft.     Ans. 

(1366)  If  the  weight  of  3  cu.  ft.  under  a  pressure  of  30 

2*^ 
lb.  per  sq.  in.  is  .27  lb.,  the  weight  percu.  ft.  =~f  =  .09  lb. 

Applying  formula  154  and  substituting, 

/  :  IV ::  /^  :  jr„  or  30  :  .09  ::  65  :  W^, 

lV^  =  -^'\^^^^  =  AU5\h.     Ans. 

(1367)  To  find  the  absolute  temperature,  we  substitute 
in  formula  160,  the  values  of  P,  J',  and  J^f^ given  in  Question 
1366. 

T- ^'1_  .  -  _    j^  ^  "^    _  -  899  64° 

~  .37052  ir  ~  .37052  X  .27  ~  *  ' 

Ordinary   temperature  =  899.64°  —  459°  =  440.64°.     Ans. 
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1(1368)  Since  the  pressures  and  volumes  are  unequal, 
B  apply  formula  162  in  order  to  obtain  the  tension  of  the 
Jilurc. 

^  -  y        ■ 

I  Substituting, 

p_  14.7  X  12  +  3X  14.7  X  8  _  17'i.4  +  35S.8  _ 
20  20 

2<!.46  lb,  per  sq,  in.     Ans. 

I  (1369)     Applying  formula  163  and  substituting, 
(y.^/^+A^-.^U.7x  12  +  3x14.7x8^^^^^  ^^    ^^ 
^  -i*  Ans. 

I(1370)     See  An.  2155. 

■  (1371)  Since  a  cubic  inch  of  mercury  weighs  .49  lb., 
fc  of  a  cubic  inch  weighs  -^  x  .i9  =  '—  lb.  Consequently,  a 
ght  of  ^  in.  of  mercury  is  equivalent  to  a  pressure  of  '—- 
L  per  sq.  in.     I  sq.  ft.  =  144  sq.  in.     The  equivalent  pres- 

■re  upon  asq.  f'-  =  ■57;  X  144—  1.7li4  lb.     Ans. 

r(1372)     {a)  See  Art.  2155. 

{i)  The  height  of  the  mercury  in  the  tube  shows  the 
number  of  inches  of  vacuum. 

Since  the  mercury  column  is  4V  inches  shorter  than  the 
barometer  column,  the  gauge  will  show  30  —  44  =  '2SJ  inches 
vacuum.     Ans. 

(1373)  Since  a  column  of  mercury  :Ji>  in.  high  will  sup- 
port a  column  of  water  ;(4  ft.,  1  in.  nf  mercury  will  support 
a  column  of  water  of  ^„  X  34,  ur  ^J  ft.  in  height. 

Hence,  27  inches  of  mercury  will  support  27  X  U  =  30-8 
ft.  of  water.     Ans. 

^1374)     See  Art.  2142. 
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(1375)  See  Art.  21 40.  Each  rock-drill  requires  a 
receiver  volume  of  10  cubic  feet ;  therefore,  to  supply  8  rock- 
drills,  the  volume  of  the  receiver  should  be  8  X  10  =  80 
cu.  ft.     Ans. 

(1376)  See  Art.  2119.  (1)  There  is  a  loss  due  to 
useless  heating  of  the  air  during  the  compression ;  this  is 
reduced  by  the  water-jacket  or  by  water  injection  (2) 
The  loss  due  to  the  friction  of  the  engine  and  compressor 
can  only  be  reduced  by  careful  workmanship  and  design  in 
the  building  of  the  compressor.  (3)  There  is  a  slight  loss 
due  to  leakage  and  friction  of  air  in  pipes.  The  loss  due 
to  friction  becomes  large  when  the  pipe  is  very  long  and  of 
small  diameter;  therefore,  this  loss  is  reduced  to  a  minimum 
by  using  large  pipes  for  conveying  the  air. 


IHydromechanics  and  Pumping. 


1377)     (*)  To  obtain  the  discharge  in  t 
Rid,  apply  formula  180. 

|xHX*'2x32.ir,[v'(5lK-t/(HV]  =  52.2l 

I  Area  of  weir  =  d  c/  =  'i.5  x  'i  —  5  sq.  ft, 
^ply  formula  179. 
G.  _  53.21 


;u.  ft.  [ler  sec 
Ans 


-  =  10.44  ft.  per 


*(<•)  To  get  the  discharge  in  gallons  per  hour,  multiply  (i) 
by  GO  X  GO  (seconds  in  an  hour)  and  by  TAA  {gallons  in 
a  cubic  foot).  Thus.  52.21  X  (iO  X  60  X  7.48  =  1,405.010.0 
.  per  hour.     Ans. 

J1378)      First  find  the  coefficient  of  friction  by   using 
nula  182  and  Table  45. 


=  2.31S 


t^ 


/' 


:2.:J15V 


/      76  X  7.5 
.025  X  12.1100 


=;  3.19  ft.  per  sec. 


1  the  tabic,  /=  .0243  for  v„  =  3,  and  .023  for  V^  =  4; 

(-difference  is  .0013  =  difference  for  a  difference  of  velocity 

fl   ft.   per  sec.     Then,  .0013  X  -lit  ft.  per  sec.  =  .000247, 

Or  say  .0002,  using  but  fotir  decimal  places  =  differencefora 

diflferencc  of  velocity  of  .1!)  ft.  per  sec.     Therefore, y=. 0243 

0002  =  .0241,  or  say  ,024. 

ffse  formula  186.     Substitute  in  it  the  value  of/  here 
nd,  and  multiply  by  <K)  to  get  the  discharge  per  minute. 
§21 

nollccof  Iho  cnpyrlght,  sccpngi;  unmfJinttly  foDnvrlng  Ihc  litis  pant 
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C  =  .09446^'/^^-A^X60  = 


,g.^  76X7.5 


per  min.     A.ns. 
( 1 379)     (a)     Use  formula  181> 


/.=^'-"' 


/  7n  y  7  'i 

2.315  V-—-; ~,~T-^, ^  X  60=  195.08  ft.  per  min. 

.024  X  12,000  +  .126  X  7.5  ^     ^^^ 

(b)     447.7  gal.  per  min.  -s-  60  =  7.46J-  gal.  per  sec.  =  1  cu. 
ft.  per  sec,  nearly.     Ans. 

(1380)  Use  formula  167. 

V  =  4/2^ /f  =  4/2  X  32.16  X  10  =  26.36  ft.  per  sec.     An& 

(1381)  Use  formulas  185  and  183. . 

24.51  Q      24.51  X  42,000      ^  ^^^  .^ 
^-  =  -ir-  =  6.5' X  60X60  =  ^-^^^  ^''  P"^  ^^^ 

From  Table  45,  /=  .021  for  v„  =  6.768;  hence, 

,02Oaj>00X  6.768-        ^^33  ^  ^^^3,  ^  ^^  ^3  ^^      ^^_ 
0.00  X  0.5 

( 1 382)  Area  of  top  or  bottom  of  cylinder  equals  20'  X 
854  =  314.16  sq.  in.    Area  of  cross-section  of  pipe  =  (|)' 

X  .  r854  =  .1104  sq.  in.  25  lb.  10  oz.  =  25.625  lb.  25.625  -r- 
.1104=232.11  lb.  pressure  per  sq.  in.  on  top  or  bottom 
exerted  by  the  weight  and  piston. 

Pressure  due  to  a  head  of  10  ft.  =  .434  X  10  =  4.34  lb.  per 

sq.  in. 

Pressure  due  to  a  head  of  13  ft.  =  .434  X  13  =  6.642  lb. 

per  sq.  in. 

(Since  a  column  of  water  1  ft.  high  exerts  a  pressure  of 
.434  lb.  per  sq.  in.      Sec  Art.  2289.) 


1^ 
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(a)  Pressure  on  bottom  =  pressure  due  to  weight  +  pres. 
sure  due  to  head  of  13  ft.  =232.11  +  5.64  =  237.75  lb.  per 
sq.  in.     Ans. 

(d)  Pressure  on  the  top  =  pressure  due  to  weight  +  pres- 
sure due  to  head  of  10  feet  =  232.11  +  4.34  =  236.45  lb.  per 
sq.  in.     Ans. 

{c)  Total  pressure,  or  equivalent  weight  on  the  bottom,  = 
237.752  X  314.16  =  74,602.17  lb.     Ans. 

(1383)  .434  X  U=  .651  lb.,  pressure  due  to  the  head 
of  water  in  the  cylinder  above  the  orifice. 

236.45,  pressure  on  top   per   sq.  in.  +  .651  =  237.1,  total 

pressure  per  sq.   in.     Area  of  orifice  =  1*  X  .7854  =  .7854 

sq.  in. 

.7854  X  237.1  =  186.22  lb.     Ans. 

(1384)  First  find  the  coefficient  of  friction  by  formula 
1 82  and  Table  45. 


or  say  5  ft.  per  sec. 

From  the  table,  /=  .023  for  z/„»  =  4  and  .0214  for  v„  =  6. 

'^^6~  4^^^  =  . 0008.      . 023  -  . 0008  = . 0222  =  / for  v^  =;;  5. 

Use  formula  182,  because  the  pipe  is  longer  than  10,000 
times  its  diameter. 

Hence,  v^  =  2.315 1  7)2O2~xT000  "^  '^"^^  ^^'  P^^^^^*  ^^^• 
(1385)     Use  formulas  182  and  181. 


./"  120X4 


From  the  table,  /=  .0214  for  v,„  =  6  and  .0205  for  7^^  =  8. 

.0214 -.0205        ^^^^^,.   ,  .  r       I     • 
~ =  .00040  decrease  for  an  increase  of  velocity 

o  —  u 

of  1  ft.  per  sec.  7. 17  -  6  =  1. 1 7.  .00045  X  1. 17  =  .0005265, 
total  decrease.  /=  ,0214  —  .0005265  =  .0208735,  or  .0209, 
using  four  figures. 
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Hence,  the  velocity  of  discharge  = 


V]^  120  X  4 


v^  =  2.315 y  — -;r ,  ^,,    .     ,^, J  =  7.79  ft.  per  sec. 

^    .0209  X  2,000 +  .125  X  4  ^  . 

(1 386)  {a)  /=  .0205  for  v^  =  8.  Therefore,  using  for- 
mula 183, 

^^  ^  .0205X5,280X8'        ^^^^      ^^  ^  ^3^  ^3  ^^      ^^^ 
5.3G  X  iO  ' 

(d)  Using  formula  184,  Q  =  .0408rf't'„.  =  .0408  X  10'  X 
8  =  32. G4  gal.  per  sec.  32. G4  X  60  X  60  =^  117,504  gallons 
per  hour.     Ans. 

(1387)  A  column  of  water  1  inch  square  and  2.304  ft. 
high  weighs  1  lb. ;  hence,  to  produce  a  pressure  of  30  lb.  per 
sq.  in.,  it  will  require  a  column  of  water  2.304  x  30  =  69.12 
ft.  high  =  head.     Using  formula  172, 


z;  =  .  98  i/2^''/f  =  .984/2  X  32.16  X  69. 12  =  65. 34  ft.  per  sec.  Ans. 

( 1 388)  (a)  36  in.  =  3  ft.  A  column  of  water  1  inch  square 
and  1  ft.  long  weighs  .43403  lb.  .43403  X  43  =  18.6633  lb. 
per  sq.  in.  on  the  bottom  of  the  cylinder.  .43403  x  40  = 
17.3612  lb.  per  sq.  in.  on  the  top  of  the  cylinder.  Area  of 
base  of  cylinder  =  20'' X  .7854  =  314.16.  314.16  X  18.6633  = 
5,863.26  lb.,  the  total  pressure  on  the  bottom.     Ans. 

(^)  314.16  X  17.3612  =  5,454.19  lb.,  total  pressure  on 
top.      Ans. 

(1389)  Use  formula  168.     /i  =  -7^  =  16.931  ft.  per 

')4.  oZ 
sec.     Ans. 

(1390)  {a)  Use  formula  178  and  multiply  by  7.48  X 
60  X  60  to  reduce  cubic  feet  per  second  to  gallons  per  hour. 

(?,  =  .41  X  H  X  |/2  X  32.16  X  ({lY  X  7.48  X  60  X  60  = 

216,551  gal.  per  hr.     Ans. 

(/?)  By  formula  1  79, 


^,    ^  (?,  ^  .615  X  f  X  H  X  |/2  X  32.16  X  (H?  _ 

''"     /^^^  HxH 

3.^)76  ft.  per  sec.     Ans. 
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(1391)  /=.0193  for  v^=U.     Therefore,   using  for- 
mula  183, 

A  -/'^-'  ^  02^q^  ,_.0193X  6,000X12'  v  12»^  - 

^  -  5:36^+-^^^^''- 5.36  X  3 ^  ^'^^^^  X  12  )  - 

1,040.37  ft.     Ans. 

(1392)     T^T =  area    of    pipe    in    sq.    ft.      Using 

formula  165, 

Q  =  A  V  = -f-j X  7.2  =  discharge  in  cu.  ft.  per  sec. 

144 

^   ^'!^^^  X  7.2  X  7.48  X  60  X  60  X  24  =  634,478  gal.  dis- 
144 

charged  in  1  day.     Ans. 

(1393)  38,000  gal.  per  hour  =^^^  gal.  per  sec.  =  Q, 
Using  formula  185, 

24.51  Q      24.51  X  38,000      ^  ^^,,^  .  . 

( 1 394)  Use  formula  17^. 


(a)  t2«  =  .41X  di^T^  =  Al  xHX4/2x3;d.iGx(ff)'  = 
38.44  ft.  per  sec.     Ans. 

{d)   Q  =  -^  =      •       =  62.5  cu.  ft.  per  sec.     Ans. 

.old  .0x0 

(1395)     Use  formulas  167  and  169. 


{a)  V  =  ^Igh  =  i/2  X  32.16  X  45  =  53.8  ft.  per  sec.     Ans. 

(*)  2.304  X  10  =  23  ft.,  nearly  =  height  of  a  column  of 
water  which  will  give  a  pressure  of  10  lb.  per  sq.  in.  45  + 
23  =  68  ft. 


V  =  V'2^(A,+  /t)  =  >/2  X  32. 16  X  68  =  66.153  ft.  per  sec. 

Ans. 
( 1 396)     Use  formula  1 84. 

(2  =  .0408^t/«  =  .0408  X  6'X7.5  =  11.016gal.  persec.    Ans. 
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.023  -  .0214  =.0010.  —^  X  18  =  .00144,  or  say  .0014 
.023  -  .0014  =  .0216  r=/for  v^  =  5.8.     Ans. 

.0214 -.0205  =.0009.  ^^^^  X  1.4  =.00063,  or  say  .0006. 
.0214  -  .0006  =  .0208  =/for  v^  =  7.4. 

.0205  -  .0193  =  .0012.  ^^^  X  1.83  =  .000549,  or  say 
.  0005.     .  0205  -  .  0005  =  .  02  =  /  for  v^  =  9. 83.     Ans. 

.0205 -.0193  =  .0012.  ^^^  X  3. 5  = . 00105,  or  say  .0011. 
.0205  -  .0011  =  .0194  =/for  v^  =  11.5.     Ans. 

(1406)  The  specific  gravity  of  sea- water  is  1.026  (see 
table  of  Specific  Gravity) ;  hence,  the  weight  of  a  cubic  foot 
of  sea-water  =  1.026  X  62.5  =  64.1  lb. 

10  5'  X  6 
Total  area  of  cube  =  — '—j —  sq.  ft.     1  mile  =  5,280  ft. 

10  5'  X  6 
Hence,  total  pressure  on  cube  =  — -t-tj —  X  5,280  X  3.5  X 

64. 1  =  5, 441 ,  609. 25  lb.     Ans. 

(1407)  (b)  The  pressure  per  square  inch  equals  the 
weight  of  a  volume  of  water  1  in.  square  and  12  in.  high; 
that  is,  it  equals 

1  X  1  X  .03617  X  12  =  .434  lb.,  nearly.     Ans. 

(a)  Total  pressure  on  the  bottom  =  area  of  bottom  in 
square  inches  multiplied  by  the  pressure  per  square  inch  = 
8'  X  .7854  X  .434  =  21.82  lb.     Ans. 

(1408)  8,000  gal.  per  hr.  =  ^li^^  or  133^  gal.  per  min. 

00 

Plunger  speed  per  min.  =  7  X  10  =  70  ft.  Applying  for- 
mula 190  and  substituting, 

^  =  5. 535 1/'  f  =  5. 535  f"  ^^  =  7f  in.     Ans. 

•J  <0 

(1409)  See  Art.  2266. 

(1410)  The  height  to  which  a  pump  will  lift  water  is 
directly  proportional  to  the  atmospheric  pressure;  that  is, 
proportional  to  the  length  of  the  mercury  column. 
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Letting  x  represent  the  height  to  which  the  pump  will 
lift  the  water  on  top  of  the  mountain,  we  have  the  propor- 
tion, 30  :  22  ::  25.5  :  -r,  or  3i)x  =  22  X  25.5;  whence,  x  = 
18. 7  ft.     Ans. 

(141 1)  Area  of  dam  =  40  X  12  =  480  sq.  ft. 

^  X  12  =  6  ft.,  depth  of  center  of  gravity  below  the  level 
«)f '  the  liquid. 

The  total  pressure  on  the  dam  =  40  X  12  X  6  X  62^  = 
180,000  lb.     Ans. 

(1 41 2)  (a)  Apply  formula  1 90. 

d=z  5.535  V^lf^  =15  inches.     Ans. 
(i)  Use  formula  1 95. 

^^  =  .35i/G  =  .354/750=  10  inches.     Ans. 
{c)  Use  formula  196. 

^/,  =  .  25  VG  =  .  25  i/750  =  7  inches.     Ans. 

(1413)  First  obtain  the  coefficient  of  friction  from  for- 
mula 1 82  and  Table  45. 


z..  =  2.315/^=  2.315/I|||I=  7.82  ft.  per  sec. 

From  the  table,  /=  .0214  for  v^  =  6  and  .0205  for  v^  =  8. 

.0214 --.0205       ^nAi«r  1  f  •  ^      1     •.. 
=  .00045  decrease  for  an  mcrease  of  velocity 

of  1  ft.  per  sec.     7.82  -  0  =  1.82. 

.00045  X  1.82  =  .0008,  nearly,  total  decrease.  /=.0214 
-  .0008  =  .020G. 

To  obtain  the  discharge  in  gal.  per  sec,  substitute  this 
value  of  /  in  formula  186,  and  multiply  by  GO  X  GO  to  get 
the  discharge  in  gal.  per  hr. 

Q  =  .09445  d*  \/jr^^i  X  60  X  60  = 

•«»^  X  «'  X  ^nwoo^^ Wx-«  X  ««  X  «o  = 

44,553.  G  gal.  per  hr.     Ans. 


t\   viii.'-n 
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(1414)  If  the  area  of  the  tube  is  i  sq.  in.,  and  that  of 

the  cylinder  80  sq.  in.,  a  force  of  80  lb.  on  the  small  piston 

80 
will  raise  a  weight   of   --  x  80  =  12,800   lb.   on  the  large 

i 
piston.     Since  the  length  between  the  hand  and  the  fulcrum 

is  7J  times  the  distance  between  the  piston-rod  and  the 

fulcrum,  a  force  of  80  lb.  on  the  end  of  the  lever  will  raise 

a  weight  of  7^  X  12,800  =  06,000  lb.     Ans. 

(1415)  {a)  Using  formula  190, 


|/;   200 


{t)  Use  formula  196. 

<  =  .354/^  =  .354/200  =  5  in.     Ans. 
{c)  Use  formula  196. 

^/,  =  .25  4/C  =  .25  4/200  =  3^  in.     Ans. 

(d)  Applying  formula  192  and  substituting, 
H=  .00038  G/i  =  .00038  X  200  X  250  =  19  H.  P.     Ans. 

(1416)  (a)  Since  the  pressure  exerted  by  a  column  of 
water  1  foot  high  =  .434  lb.  per  sq.  in.,  the  pressure  exerted 
by  a  column  of  water  210  ft.  high  =  210  X  .434  =  91.14  lb. 
per  sq.  in.     Ans. 

(b)  Applying  formula  167  and  substituting, 

V  =  sf¥gTi  —  4/2  X  32. 1()  X  210=  110.22  ft.  per  sec.     Ans. 

( 1 41 7)  To  calculate  the  diameter  of  the  steam-cylinder, 
we  apply  formula  1 94.  But  we  must  first  obtain  the  value  of 
/A  or  the  horsepower,  by  formula  192.     //=  .00038  6^^. 

Substituting,  iY=  .00038  X  ^^^^^  X  240  =  41.04  H.  P.  for 

01) 

41  04 
both  sides  of  the  pump.      — ^ —  =  20. 52  H.  P.  for  each  side 

Substituting  in  formula  194, 


D  =  205  V  ^'^^^  =  m  inches.     Ans. 
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P  Apply  formula  190* 

lar.OOO  gal.  per  hr,  =  -"-hr-,  or  -t50  gal.  per  min,  for  both 

— -  =  235  gal,  for  one  side  —  G. 

d  =  5.535  y -^  =  5. 635  f  ^  =  SJ  inches.     Ans. 

(lillS)  ifl)  A  column  of  water  1  foot  high  and  having 
L  cross-section  of  1  sq.  in.  weighs  .434  lb.  Hence,  the  pres- 
sure per  sq,  in.  at  the  bottom  of  the  stand-pipe  =  .434  X 
:i(  =  30.38  lb.  per  sq.  in.      Ans. 

(b)  At  a  distance  of  au  ft.  from  the  top  of  the  water  the 
pressure  is  .434  X  30  =  13,03  lb.  per  sq.  in.     Ans. 

(1419)  See  An.  2216. 

(1420)  {a)  Apply  formula  I9t. 

£■=  .03264</*5=  .03ac.4  X  14'  X  100  =  (.39.744  gal.  per 
min.  due  to  one  side  of  pump.  (53!*. 744  X  a  =  1.27'.t.488  gal., 
tntal  discharge  per  minute.  1,279.488  X  (10=  76,769.28  gaL 
per  hour.     Ans. 

(b)  To  obtain  the  height  to  which  water  can  be  raised,  we 
apply  formula  193;  but,  before  we  can  substitute  in  this 
formula,  we  must  obtain  the  horsepower  by  applying  the 
PLAN 


formula  H  - 


speed,  we  have 


33.000 


Remembering  that  L'x  N  =  piston 


H: 


4fi  X  22' 


.7854  > 


\ 


33,000 

Substituting  in  formula  193, 
.  _        H        _  51.8364 

.00038  G ~ 


00038  X  63il.744 
(1421)     307  X  .434  =133.238  lb.  per  sq.  ii 


13.22  feet.      Ans. 


(1422)     The  lime  of  making  the  stroke  depends  simply 
on  the  acceleration  of  the  pit-work,  which  in  turn  depends 
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solely  on  the  difference  between  the  weight  of  the  pit-work 
and  water  column  minus  the  frictional  resistances.  Now,  if 
this  difference  is  too  great,  the  stroke  will  he  made  too 
quickly  for  safety  and  convenience,  and,  to  obviate  this,  the 
weight  of  the  descending  pit-work  must  be  made  less  or  the 
weight  of  the  ascending  water  column  greater.  This  is  ac- 
complished by  balancing  the  pit-work,  as  explained  in  Arts. 
2247  to  2249. 

(1423)  First  find  the  value  of  /  from  Table  45. 

/=  .0243  for  v,„  =  3  and  .023  for  v^  =  4. 

Difference  =  .0013.       3.3  -  3  =  .3.       Then,    .0013  X  .3  = 
.00030,  total  decrease.    /=  .0243  —  .00039  =  .02391. 
Substituting  in  formula  183, 

,023!n  X  2,000  xiMT  +  .0233  X  (3.3)«  =  30.12  ft.     Ans. 
o.  ou  ^  Z.o 

(1424)  (b)    80,000   gal.   per   hr.  =  ?^^  =  l,.333JgaL 
per  min. 

To  obtain  the  actual  horsepower,  apply  formula  192. 

H=  .00038  G/i  =  .00038  X  1,333^  X  420  =  212.8  H.  P.    Ans. 

{(i)  The  theoretical  horsepower  =  f  X  212.8  =  141.87  H.  P. 

Ans. 

(1425)  Applying  formula  187  and  substituting, 

^       835. ,5  G/i       835.0  X  30,000  X  290       ^^,  _  .  ^^^^  .     .. 
D  ^ ^y = =  12,114,750  ft. -lb. 

Ans. 

(1426)  We    first    calculate   the   value  of  f  from  for- 
mula  182  and  the  table. 


.„=. .31.51/^;=  2.315/ Jl^  =  «-««7  ft-  ^^ 


sec 


From  the  table,  f—  .0214  for  v^  =  6  and  .0205  for  t;.  =  8. 

.021 4 -.0205         ,,,,^,^         ,  r  .  / 

-r =  .00045  =  decrease    for    an    increase  ol 

4 
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city    of     1     ft.    per   sec.      .00045  X  .r>ll7    ft.    per    sec. 
268,  total  decrease.     .0314  —  .(Hii)2(',8  =  .ij-ill3  =/. 
Substituting  in  formula  182, 


r.  =  ».315f- 


021  i:t  X  (i,5<)0 


M"  ft.  per  sec.     Ans. 


1(1427)     (a)  See  Art.  2290. 

'Head  =  +S  X  3.304=  103.08  ft,      Ans. 
I (*)  3.304  X  80  =  llia.144  ft.      Ans. 
|(f)  2.304  X  lOS  =  248.Hn3  ft.      Ans. 

1(1428)     (6)  Applying  formula  191  ami  siihstitnting, 
|=:.032()4rf'S=.032(i4x  15" X  11)0=^734.4  gal,  per  min.   Ans. 
I  {a)  To  calculate  the  diameter  of  the  steam-ryiinder,   we 
ist  obtain  the  horsepower  from  formula  192,  then  sub- 
IStute  in  formula  194. 

//  =  .000:J8(7A  =  .0003R  X  734.4  X  310  =  HO  H.  P. 


'    /*J>  '    50  X  1 


i(1429)     Applying  formula  107  and  sttlistiiuting, 
s  i^%gTi  =  4/3  X  32.1(1  X  13.7  =  a!).(irt5  ft.  per  sec.      Ans. 

(1430)     According   to  Pascal's   law,   the   pressure   per 

-'piare  inch  on  each  piston  is  the  same.     In  order  that  the 

""'■eights  shall  balance,  they  must  be  proportional  to  the  area 

of  the  piston.      Hence,  we  have  the  pro[K>rtion 

6  :  73  ::  22  x  x. 

j-  =  ??4^.  or321.3lb.      Ans. 


(1431)  As  the  lips  are  applied  to  the  tube  and  the  breath 
ilrawn  in,  the  air  in  the  tube  above  the  surface  of  the  water 
IS  drawn  into  the  mouth,  and  a  partial  vacuum  in  the  tube 
is  the  result  of  the  operation.  Now,  as  there  is  very  little 
pressure  on  the  watfr  in  the  tube,  and  as  ihe  water  outside 
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the  tube  is  exposed  to  the  pressure  of  the  atmosphere,  14.7 
)b.  per  sq.  in.,  the  water  must  be  forced  up  the  tube  by  the 
greater  pressure  of  the  atmosphere.  The  action  known  as 
suction  is,  therefore,  only  a  manifestation  of  atmospheric 
pressure. 

(1432)     (a)  Applying  formula  191  and  substituting, 

G  =  .03264  ^/»  5  =  .03264  X  11"  X  100  =  394.944  gal.  per  min. 

394.944  X  60  =  23,696.64  gal.  per  hour.     Ans. 

(c)  Use  formula  192. 

If=z.0003SG/i  =.00038  X  394.944  X  300  =  45.024  H.  P.  Ans. 

(d)  Applying  formula 


D  =  205  i/^  =  205  V^^  =  m  inches.     Ans. 

(1433)  Because  the  water  helps  to  fill  up  the  pores  in 
the  flat  surface  and  the  glass,  thus  creating  a  partial  vacuum 
between  the  surfaces. 

(1434)  First  finding  the  value  of  /  by  formula  182 
and  Table  45,  we  have 


«/,„  =  2.315  V  ^=  2.315 y- 


15  X  3.5 


//  '    .025  X  88 

11.3  ft.  per  sec,  nearly. 

From  the  table,  /  =  .0205  for  v^=  S  and  .0193  for  v^=  12. 

* — — -^ — ^=.0003,  decrease  for  an  increase   of  1  ft, 
4 

per  sec. 

.0003  X  3.3  =  .00009,  total  decrease. 

/=  .0205  -  .00099  =  .01951. 

To  obtain  the  discharge  in  gal.  per  sec,  substitute  this 
value  of  /  in  formula  1 86. 


(?  =  .  09445^' 


/        ^ 


//+,125d 


.03445  X  (3.5)'  V roi«51^88TT253r3T5  =  '■'^'-  «^>-  ^'^ 
5.711  X  no  =  342.60  gal.  per  min.     Ans. 


il         HYDROMECHANICS  AND  PUMPING.  15 

(1435)  (ii)  To  olitain  tlie  diameter  of  ihe  steam-cylin- 
der, we  calculate  the  horsepower  from  formula  ld2,  then 
substitute  in  formula  194. 

/i^  =.00038  6'//  =  .  00038  X  300x2^5  =  25.f!5  H.  P. 


=  mv/^.=  ™«/J^,  =  i4i„.    A„s. 


25.65 


I  (A)  Applying  formula  ISO  and  substituting, 

'=6535f^J=r6,fi35l/^=94in.    Am 

W(c)  Assume  the  number  of  strokes  per  minute  to  be  110; 

en,  stroke  =  1^  =  1  ft.  =  12  in.     Ans. 
I  (</)  Use  formula  195. 

</,  =  .35*^  =  .354/300  =;  6  in.      Ans. 
(f)     Apply  formula  196. 

</,  =  .2SV^  =  .2,'>4/3O0  =  4iin.      Ans. 

■  {]  436)     («)  To  obtain  the  theoretical  discharge,  apply 
mula  167.     i'  =  */a^=  4/2  X  32.1'j  x  15.75  =  31.83  ft. 
r  sec,  since  15  ft.  0  in.  =  15. T5  ft. 
31.83  X  HO  =  1,909.8  ft.  per  min. 

Area  of  orifice  =  11.2  sq.  in.  —    —-  sq.  ft. 

»l+4 
To  calculate  the  theoretical  quantity  in  cu.  ft.  per  min , 
bstitute  in  formula  Q  =  A  v. 
{h)  Applying  formula  174  and  substituting, 


0,=.615  X    -77- V2  X  32.16  X  15.75^  1.5224  cu.  ft.  per  sec. 

11.5a2-t  X  60  =  ftl.3-14  cu.  ft.  per  min.     Ans. 
; 


1437)     Because  if  any  air  be  left  in  the  siphon,  it  will 

:rt  a  pressure  on  the  water  In  the  arms  of  the  siphon  that 

lly  balance  the  atmospheric  pressure  on  the  surface 
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of  the  water  outside,   which  tends  to  force  the  water  up 
the  arms. 

Therefore,  the  water  in  each  arm  is  in  equilibrium,  and 
no  motion  can  take  place.  As  soon,  however,  as  the  air 
is  expelled,  either  by  filling  the  siphon  with  water  or  by 
pumping  the  air  out,  the  water  is  no  longer  in  equilibrium, 
and  will  begin  to  flow. 

(1438)  Piston  speed  per  minute  =  0  X  5  =  45  ft. 
(a)  Applying  formula  191, 

(7=.()32()4rtr«5=.03204xl9'x45  =  530.24gal.  per  min.  Ans. 
(i?)  530.24  X  60  =  31,814.4  gal.  per  hr.     Ans. 

(1439)  Applying  formula  187  and  substituting, 

^     835. 5  G/t     835. 5  X  80,000  X  340      ^^.  _ .  .  ^^^^  .     ,,       . 

D  = jT? —  =  - ,7^,^ =  56,814,000  ft. -lb.    Ans. 

yV  400 

(1440)  See  Art.  2290. 

(rtf)  2.304  X    80     =184.32    ft.  Ans. 

(*)2.304X    30.5=    70.272  ft.  Ans. 

(c)   2.304  X  108     =  248.832  ft.  Ans. 

{r/)  2.304  X  215      =  495.30    ft.  Ans. 

(1441)  Applying  formula  191  and  substituting, 

G=  . 03264 <^/"  S  =  .03264  X  14"  X  lOO  =  639.744  gal.  per  min. 

639.744  X  60  =  38,384.64  gal.  per  hr.,  the  delivery  for  one 
side. 

Total  delivery  =  38,384.64X2  =  76,769.28  gal.  per  hr.  An& 

(1442)  /=.0205for  7'„  =  8. 

Substituting  in  formula  183, 

|i^^  +  1. 49  =  307. 46  ft.     Ans. 
21.44 
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(1443)  Since  the  area  of  the  orifice  is  greater  than 
/j-  of  the  area  of  the  cross-section  of  the  vessel,  we  use 
formula  171. 


_  „  2  X  32.16  X  12     _  ./  771.84     _ 

^        ^         "*       '  (11 X  iir    "^i-.oui 

(30"  X  .7854)" 
27. 979  ft.  per  sec.     Ans. 

(1444)     Applying  formula  187  and  substituting, 

^_  835.5  g//       835.5  X  4,000,000  X  125       ^^  ooq  rrn  ft    IK 
D  — ^ = --^ =  55,998,000  ft. -lb. 

*  Ans. 


(1 445)    Force  available  to  accelerate  the  moving  mass  = 

20  — (12 +  3)  =5  tons  =  /':     Weight  to  be  accelerated  =  20 -f 

srF 
12  =  32  tons=  W.     By  formula  1 88,  acceleration  =/=^-|^  = 

32.16  X  5      ^^„.  ., 

~ =  5.025  ft.  per  sec. 

By  formula  189,  /  =  \%  =  r|^^  =  1.995  sec.  =  time 

J  oAtZo 

occupied  in  passing  over  10  feet.     This  is  at  the  rate  of 

-— —  X  60  =  300  ft.  per  min. 
1 .  J  Jo 

Since  the  speed  must  not  exceed  200  ft.  per  minute,  the 

pit-work  must  be  counterbalanced.    Suppose  a  counterweight 

of  2  tons  be  tried,  assuming  that  the  frictional  resistances 

are  not  increased. 

Then,     force  =  /^=  20  -  (12  +  3  +  2)  =  3  tons. 

Weight  =  20  +  12  +  -^  =  34  tons. 

.      ^F       32.10  X  3       ^     ^  , 

/=  ^jjy-  = — =  2.S4  ft.  per  sec. 

yy  34 


./:is      ./2  X  10      ^  ^^ 

y  Z.  o4 

10 

— -—  X  00  =  220.42  ft.  per  sec. 
2.05 
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This  speed  is  also  too  great,  so  we  will  try  a  counterbalance 
ot  2i  tons. 

Force  =  Z'  =  20  -  (12  +  3  +  2|)  =  2^  tons. 

Weight  =  fF=  20  +  12  +  2^  =34i  tons, 

/=|l^=32,^  =  ,.33ft.persec 

t=y  y-y  -2-33-  =  2.93  sec,  nearly. 
-  X  60  =  204. 78  ft.  per  min. 


2.93 


This  is  near  enough  for  practical  purposes,  but  if  a  coun- 
terweight of  2.6  tons  be  tried,  it  will  reduce  the  acceleration 
so  that  the  speed  of  the  pit-work  is  almost  exactly  200  ft. 
per  min. 

(1446)  By  the  difference  of  cylinder  volumes.  The 
steam  is  admitted  into  the  high-pressure  cylinder  and 
exhausted  into  the  low-pressure  cylinder. 

(1447)  See  Art.  2269. 

(1448)  Apply  formulas  195  and  196. 


/  70, 000 


(a)  ^^  =  .35  /Z;  =  .35  y      '^^     =  12  in.      A.ns. 


/ 


id)  c/^=,25i^;  =  .25y'^^^^^  =  Siin.     Ans. 

(1449)  100,000  gal.  per  hr.  =  — ^^  gal.  per  min. 

Applying  formula  192, 

//  =  .00038  G/i  =  .00038  X  -^^^-  x  480  =  304  H.  P-     Ans. 

60 

( 1 450)  Apply  formula  1 84. 

Q  =  .0408  ^/'7'„.  -  .0408  X  7'  X  .721  =  14.414232  gal.  per  sec 
14.414232  X  60  X  60  =  51,801.24  gal.  per  hr.     Ans. 

(1451)  See  Art.  2260. 
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(1452)  See  Art.  2271. 

(1453)  See  Arts.  2226,2226,  2259,  2271,  and 
2280. 


1(1454)     200  ft.  per  i 


400  ft.   iier  min.  ;    100  ft.  per 


[  (1455)     Applying  formula  191  and  substituting, 
[  (7  =  . 03364  rf' A"  =  .03264  X  15'  X  95  =  number    of 
'  min. 

1  X  15'  X  95  X  60  =  41,8110.8  gal.  per  hr.      Ans. 
1(1456)     See  Arts.  2250  to  2254. 
1(1457)     Applying  formula  172  and  substituting, 
}=.08V27A 


Sy'a  X  33.10  X  f>!f-I-i 


34  ft.  per  sec. 
Ans. 

M1458)     (a)  Areaof  piston  =  (J)' X  .7854  =0013  sq.  in. 


I  Pressure  per  sq.  in.  exerted  by  piston  = 


50     _ 
.6013" 


1.15  lb. 


A  column  of  water  1  foot  high  and  of  1  sq.  in.  cross-section 
weighs  .434  pound,  and  therefore  exerts  a  pressure  of  .434 
pound  per  sq.  in.     The  height  of  a  column  of  water  to  exert 

apressureof  83. 15  lb.  per  sq.  in.    must  be    '  ^--  =  191.6  feet. 

Consequently,  the  water  will  rise  191.6  feet. 

The  diameter  of  the  hole  in  the  squirt-gun  has  nothing 
to  do  with  the  height  of  the  water,  since  the  pressure  per 
square  inch  will  remain  the  same,  no  matter  what  may  be 
_She  diameter. 
I  (*)  Using  formula  1 70, 


Ji  =  ./iAj=i/iX  10  X  191.6  =  87.54  ft.      Ana. 
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(1459) 

)     See  Art.  2298. 

(1460] 

)     See  Art.  2299. 

(1461J 

1     See  Art.  2300. 

(1462] 

1     See  Art.  2301. 

(1463; 

1     See  Art.  2303. 

(1464; 

1     See  Art.  2304. 

(1465] 

)     See  Art.  2305. 

(1466] 

)     See  Arts.  2305  and  2311. 

(1467] 

)     See  Art,  2306. 

(1468] 

1     See  Art.  2307. 

(1469) 

1     See  Art.  2308. 

(1470] 

1     See  Art.  2309. 

(1471] 

1     See  Art.  23  lO. 

(1472] 

\     See  Art.  2311. 

(1473] 

)     See  Art.  2312. 

(1474] 

)     See  Art.  2312. 

(1475] 

)     See  Art.  2312. 

(1476] 

1     See  Art.  2313. 

(1477] 

1     See  Art.  2314. 

(1478] 

(     As  the  hold  or  grip  increas 

square  of  the  number  of  coils,  the  proportion  of  grip  the 
latter  will  have  compared  with  the  former  is  as  2'  :  4%  or 

§22 
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as  4  :  16;  that  is,  the  rope  turned  four  times  atound  the 
drum  will  have  4  times  the  grip  or  hold  that  the  rope  coiled 
twice  around  the  drum  has.     See  Art.  2315* 

(1479)  It  would  equal  two  complete  coils  on  one  wheel, 
and  the  grip  or  haulage  power  would  be  four  times  that  of 
a  single  coil  around  one  wheel.     See  Art.  231 6. 

( 1 480)  See  Arts.  23 1 7  and  23 1 8. 

(1481)  See  Art.  2319. 

(1482)  See  Art.  2320. 

(1483)  vSce  Art.  2321. 

(1484)  See  Art.  2322. 

(1485)  50  lb.     See  Art.  2324. 

(1486)  See  Art.  2324. 

(1487)  See  Art.  2325. 

(1488)  Applying  formula  197,  we  have 

.12  X  3,500  +  ^4^  =  507.5  lb.     Ans. 

(1489)  See  Art.  2327.  By  adding  the  weight  of 
the  empty  car  to  that  of  the  loaded  car  and  dividing  the 
sum  by  the  coefficient  of  friction,  or  40. 

(1490)  Applying  formula   197,  we  have  /%  =  .10X 

4  200 
4,200H — '-r-     =  525  lb.,  the  force  required  to  move  the  rope. 
40 

Applying  formula  199,  we  have  F=  .10  X  (4,000  —  l,8(Hi) 

4,000  +  1,800       ^    .,        .  ....  .       .  .       ^ 

' J — =  7o  lb.,  the  available  gravity  force  due  to 

40 

one  pair  of  cars.  Therefore,  the  number  of  cars  that  must 
run  in  a  train  is  525  -j-  75  =  7  cars.     Aris. 

(1491)  See  Art.  2328. 

(1492)  The  rope  weighs  250  X  1.5  =  375  lb.     Applying 

375 
formula  197,  we  have  i^,  =  .25  X  375  +  -^  =  103.125  lb., 
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:  power  necessary  to  raise  the  rope.  Applying  formula 
lO^*  and  assuming  that  the  luaded  car  is  at  the  bottom  of 
the  jig  and  the  balance  car  at  the  bottom  of  the  plane,  we 
4,0()()  +  2.1}()0_ 


h^vef-  .25  (4,000  -  2.900)  - 


-=  102.5  lb.,  the 


available  gravity  force  at  the  descent  of  the  full  car.  Now, 
as  it  requires  103.125  lb.  to  move  the  rope,  and  there  is 
only  UVi.3  of  gravity  force  available,  it  is  plain  that  this  jig 
will  not  operate. 

»{I493)     See  Art.  2328. 
(1494)     See  Art.  2329. 
(1495)     See  Art.  2329. 
(2  X  1.800) -I-  1.200 


40 


+  .2,1  (2  X  1,800+  1,300)=  l,;i20  lb. 


»(1496) 
H(1497) 
■  (1498) 
Hi(14e9) 
^■(IfiUO) 
B(1501) 
H<1502) 
^■<1503) 
^B(1504) 

Met  SOS) 

"  (IS06) 

(1507) 

1^(1  SOS) 
^K.<lf'X4,000)  +  (5.000X.88) 

S,:30  lb.     Ans. 


See  Arts.  2330  and  2331. 

See  Arts.  2332  and  2333. 

See  Art.  2337. 

See  Art.  2339. 

See  Art.  2340. 

See  Art.  2342. 

See  Art.  2343. 

See  Art.  2343. 

See  Art.  2344. 

See  Art.  2345. 

See  Art.  2346. 

See  Art.  2347. 

Applying  formula  200, 

+.06{18x4,000+5.000X.f 
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(1 509)  The  velocity  of  the  train  is  ^^  \f'^^^  =  880  ft. 

per  mill.  880  x  5,730  =  5,042,400  =  foot-pounds  of  work 
per  minute  required  of  the  engine.  5,042,400-^-33,000  = 
152.8  H.  P.     Ans. 

(1510)  See  Art.  2349. 

(1511)  See  Art.  2360. 

(1512)  See  Art.  2351. 

(1513)  The    weight   of   the    rope  =  3,000  X  2  X  .88  = 

5,280  lb.     The  weight  of  25  empty  cars  weighing  1,500  lb. 

each  =  1,500  X  25  =  37,500  lb. ;  therefore,  the  resistance  due 

^      ...  5,280  +  37,500       .  _.  -    ,,        ^, 

to  friction  =  — =  1,0G0.5   lb.     The   resistance 

4:0 

due  to  gravity  =  37,500  X  .05  =  1,875  lb.  Then,  1,0G1).5  + 
1,875  =  2,944.5  lb.,  the  tension  on  the  rope.  12  miles  per 
5,280  X  12 


hour  = 


=  1,050  ft.  per  minute. 


60 

1,050  X  2,944.5 


=  94.2H.  P.     Ans. 


33,000 
Or,  by  formula  201,the  tension  can  be  found  as  follows: 

40 
The  H.  P.  can  be  found  by  formula  202,  as  follows: 

33,000 
See  Art.  2354. 
See  Art.  2355. 
See  Art.  2356. 
See  Arts.  2357  and  2358. 
See  Art.  2358. 
See  Art.  2359. 
See  Art.  2360. 


(1514) 

(1515) 

(1516) 

(1517) 

(1518) 

(1519) 

(1520) 

!« 
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(1521)     See  Art   2365. 

522)     As  the  roatls  are  level,  there  is  no  tension  due 


WVrade.  and  formula  201  becomes  simply  T 


40 


2,477.5  lb.,  the  tension  in  the  main  rope. 
^  Ans. 

To  find  the  tension  in   the  tail-ropi-,  the  weight  of   the 
rain  of  empty  cars  is  found. 


Thei 


30.1)00+  ii.lIX) 
40 


=  1177.5  Ih       An: 


As  the  conditions  of  the  problem  require  the  maximum 
tension  on   the  rope,  we  take   thai   on   the   main  rope,  or 
2,477.5  lb.,  and  applying  formula  202, 
(10  X  5.280) 


I_; ''0 

'~  33,000 

aS23)     Applying  foi 
L._90,01H>4-  13.480 
r  ~  40  "* 

p524)     Applying  foi 
jy  ^90(0.0 
f  1  S2S1     As  the  erai 


_  3,iao,2on  _ 


H.  W 


33,000  3K,1100 

523)     Applying  formula  201 ,  we  have 

+  .03  X  SIO.ODO  —  5,203  lb.     Ans. 
e  have 
^  'M).'.\  H.  P. 


524)     Applying  formula  203,  v 
90(0.000+  (iO)  _ 

i;,ooo 


•'(1525)  As  the  gravity  force  due  to  the  pitch  of  the 
incline  reduces  ihe  tension  on  the  main  rope,  it  must  be 
treated  negatively.      Then,  formula  20I  becomes 

7-=  'S±E  _  „  X  ,r=  Hil'J'ixV-i'  _  ,,4  X  .uo.ooo  = 

—  1,324  !b,,  or  the  negative  tension  on  the  main  rope.      Ans. 

This  means  that  there  is  not  only  no  tension  on  the  main 

rope,  but  an  excess  of  gravity  force  equal  to  1,324  lb.      The 

gravity  force  in  the  case  of  hauling  the  train  of  empty  cars 

KJtive,  and  can  be  found  by  use  of  formula  201. 


40 

B-tension  of  the  tail-rope.     Ans, 
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No  horsepower  is  exerted  on  the  main  rope,  because,  as 
shown  previously,  the  tension  is  negative.  By  using  for- 
mula 202,  the  horsepower  exerted  over  the  tail-rope  is 

2.776  X  (^«?  >iil) 
^  = 3:3:000 =  81-*H.P.     Ans. 

(1526)  By  the  use  of  formula  204,  we  have  7  = 
fi.000  X  20  +  4i>00j3,65+_^)  _  ^^  ^  ^^^^^  ^  _  ^.^  ,,^j  ^ 

40 
(2,925  —  3,512)  =  —  587  lb.,  the  negative  tension.     For  the 
tension   in    the    tail-rope,  formula    205    is    used.      T^  = 
40,000_+_4.000(3^«5+^)  ^    ^^  ^^^^^  _  ^^^^^^  ^  ^^^^^^ 

1,112  =  2,537  lb.,  the  tension  on  the  tail-rope.  Now,  as  the 
tension  on  the  main  rope  is  negative,  there  is  no  power 
applied  to  it;  on  the  tail-rope,  however,  in  which  there  is 
a  tension  of  2,537  lb.  with  the  trains  running  11  miles  per 

3,537  x-^-'-^'-^^j^-^l) 

hour,  we  have  H.P.  =  —    ~  'X^(\T7\ ~  '^^•'^  H.P.    Ans. 

(1527)  See  Art.  2372. 

(1528)  See  Art.  2372. 

(1529)  See  Art.  2373. 

(1 530)  0,000  +  4,800  +  2,500  +  7,000  +  3,000  =  23,300: 

— g—  =  4, ()<.(),   the  mean  length.     ^  ^^.^^      g =  4d.3. 

practically  4C  trains.     Ans. 

(1531)  ^^p'   ,,  .  =  21.7,  say  22  cars.     Ans. 

(1532)  Allowini^  1^  of  the  time  for  stoppag<i,  the  rope 
travels  for  'f^  of  10  =  (;!(  hours,  and  hauls  coal  for  but  ^  this 
time,  or  \\}^  hours.  Hence,  the  distance  the  rope  travels 
while  hauling  coal  is  o/.^SO  X  11  X  3^  =  193,600  feet,  and 
since  the  mean  length  of  the  haulage  roads,  which  is  found 
by  dividing  their  total  length  by  4,  is 
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4.250  +  3.012  +  756  +  514  ^  ^,133  feet. 

the  number  of  loaded  trains  is 

193,600      ^^„^        ^.       . 
q  '  ,7-  =  90.76,  or  91.     Ans. 

^,  l*j«5 

The  number  of  cars  in  each  train  is 


2,500 


=  11.     Ans. 


91  X  2.5 

The  weight  of  the  rope  is  equal  to  its  weight  per  foot 
multiplied  by  twice  the  maximum  haul,  or  4,250  x  2  X  1.5  = 
12,750  pounds,  and  the  weight  of  a  loaded  car  is  2,000  + 
2.6  X  2,000  =  7,000  pounds. 

Substituting  in  formula  201, 

7,000  X  11  +  12,750 


r  = 


40 


+  .03  X  77,000  =  4,553.75  pounds. 


The  speed  of  the  train  is  equal  to 

5,280  X  11      n^o  r    *  '4. 

-1 — =  968  feet  per  mmute. 

60  ^ 

Applying  formula  202, 

^      4,553.75X968      .^o  ^  u  i         a 

^  =  -^ — oo  ryr^r, =  133.6  horscppwcr,  nearly.     Ans. 

33,000 

See  Art.  2374. 

See  Art.  2375. 

See  Art.  2375. 

See  Art.  2376. 

See  Art.  2377. 

See  Art.  2377. 

See  Art.  2377. 

See  Art.  2378. 

See  Art.  2379. 


(1S33) 

(1634) 

(1636) 

(1636) 

(1637) 

(1638) 

(1639) 

(1640) 

(1541) 

i 
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See  Art.  2379. 

See  Art.  2380. 

See  Arts.  2384  and  2385. 

See  Arts.  2384  and  2386. 

See  Art.  2382. 

See  Art.  2382. 

See  Art.  2387. 

See  Art.  2387. 

See  Arts.  2387  and  2388« 

See  Art.  2388. 

See  Arts.  2390  to  2392. 

See  Art.  2395. 

See  Art.  2395. 

See  Arts.  2397  and  2398. 

See  Art.  2401. 

By  formula  207,  the  number  of  cars  on  t* 
2,500  X  5,230  ...>.. 

^'^J"  '^  2^-5,280  X  8  XXS-  =  l'*=^-^'-  ^^>-  1"=^-      ^"^- 

And,  by  formula  208,  the  distance  the  cars  are  apart 
5,230 


(1542) 

(1543) 

(1544) 

(1545) 

(1546) 

(1547) 

(1548) 

(1549) 

(1550) 

(1551) 

(1652) 

(1553) 

(1554) 

(1555) 

(1556) 

(1557) 

=  50.08  ft.     Ans. 


See  Art.  2406. 

See  Art.  2407. 

See  Arts.  2408  and  2409. 

See  Art.  2411. 


103.18 
(1558 
(1559 
(1560 

(1561 

(1562)     By  formula  207,  the  number  of  loaded  cars  < 

the  rope  at  one  time  is  --^^^--.il—^  =27.919.     Tl 

weight  of  the  loaded  cars  on  one  side  of  the  rope  will  then  I 
4,000  X  27.1)10  ~  lll,r,:o  pounds.  Taking  the  weight  of: 
empty  car  at  1,200  pounds,  the  weight  of  the  empty  cars  ( 


I  22  MINE  HAULAGE.  9 

the  rope  will  be  1,200  X  27.919  =  33,502.8.     The  weight  of 
the  rope  is  4,720x2x3  =  28,320  pounds.       Then,  substitu- 

.       .     ,          ,     o-.^    -7^       (111,676  +  33,502.8  +  28,320) 
ting  in  formula  21 O9  T  =  -^^ — — ^ = 

4,337.47  pounds,  the  tension  on  the  rope.     Ans. 

A  velocity  of  2^-  miles  an  hour  is  equal  to  — — ^ = 

220  feet  per  minute.    Using  formula  202,  the  horsepower  is 

^= ''''3^000''' =^^-^^^-^-  ^- 

(1563)  As  the  two  sides  of  the  rope  balance  each  other 
and  the  cars  balance  each  other,  only  the  weight  of  the  coal 
is  subject  to  the  gravity  of  the  grade.  Substituting  in 
formula  21 O9  we  have 

6,291.8  pounds  tension  on  the  rope.     Ans. 

The  velocity  is  -^ — — -^ =  220  feet  per  minute.     The 

,                      •     ^u       1:         6,291.8x220        . .  ^  , 
horsepower  is,  therefore,  im^KTx —  ^^-^  horsepower. 

'  Ans. 

(1564)  Substituting  in  formula  210,  we  have 

^^(ni,r.76+33.^502.8+28.?20)_^^.^^^^^^^,._33^^^^3^^ 

2,383.14  lb.,  the  tension  on  the  rope.     Ans. 

nxv.    u                               '     A   '     2,383.14  X  220       , .  ^^  , 
The  horsepower  required  is  ^ =  lo.89  horse 

power.     Ans. 

(1565)  See  Art.  2414. 

(1 566)  See  Arts.  241 4  and  241 5. 

(1567)  See  Art.  2418. 

(1568)  See  Art.  2420. 


t 

t. 
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§«a 


1569 
1570 
1571 
1572 
1573 
1574 
1575 
1576 
1577 
1578 
1579 
1580 
1581 
1582 
1583 
1584 


See  Art.  2422. 

See  Arts.  2428  to  2430. 

See  Art.  2431. 

See  Arts.  2432  and  2433. 

See  Art,  2435. 

See  Art.  2437. 

See  Art.  2439. 

See  Art.  2440. 

See  Art.  2443. 

See  Art.  2444. 

See  Art.  2446. 

See  Art.  2446. 

See  Art.  2449. 

See  Art.  2450. 

See  Art.  2450. 

See  Art.  2316. 


HOI^rTN^N^IOI^TN^PPUANCE^^l 

[1585) 

See  Art.  2452.                                                                       1 

15S8) 

Electric  motors   and   steam  or  compressed-air                1 

[ines. 

1 

1587) 

See  An.  2463.                                                             J 

1588) 

Sec  Arts.  2454  and  2455.                                   ^^H 

1588) 

See  Arts.  2458  and  2458.                                    ^^H 

1590) 

See  An.                                                                       ^^H 

1 581) 

See  Art.                                                                       ^^H 

1582) 

See  An.  2464.                                                          ^^B 

1593) 

See  Art.  2464.                                                                     ■ 

1584) 

See  Art..  2465  to  2468.                                            ^^J 

1 595) 

Sec  Art.  2465.                                                         ^^H 

1596) 

Sec  Art.  2467.                                                         ^^H 

1597) 

Sec  Arts.  2466  and  2467.                                   ^^H 

1598) 

Sec                                                                               ^^H 

1599) 

See  Art.                                                                        ^^H 

(1«00) 

Sec  Art.                                                                        ^^H 

_(1601) 

See  An  2470.                                                          ^^H 

Kieoz) 

See  Art.  2471.                                                                      ■ 

K603) 

The  minimum  diameter  of  drum  is  ilO  times  the              ■ 

^Bneter  of  the  rope.                                                                       ^^^^H 

Keo4) 

(.0.  W.  ><1<1  (r)  See  Art.  2471.                            ^^H 

H 

(J)  See  An.  2473.                                             ^^H 

^ 

L                M 

2        HOISTING  AND  HOISTING  APPLIANCES.     §  23 

(1605)  {^)  Assume  the  weight  of  the  rope  to  be 
2,000  lb.     Then,  the  load  on  the  rope  is 

Material 3,000  lb. 

Car 1,800  lb. 

Cage 2,400  lb. 

Rope 2,000  lb. 

Total 9,200  1b. 

Using  a  factor  of  safety  of  10,  the  breaking  load  is 
92,000  lb.  =  46  tons.  Referring  to  Tabic  40,  a  1-inch  plow- 
steel  rope  with  19  wires  to  the  strand  has  a  breaking  load  of 
47  tons;  its  weight  is  1.58  lb.  per  ft.  In  this  case,  the 
weight  is  1,200  X  1.58  =  1,806  lb.,  which  isquite  close  to  the 
assumed  weight.     Therefore,  a  1-inch  rope  should  be  used. 

Ans. 

{d)  The  smallest  allowable  drum  has  a  diameter  60  times 
that  of  the  rope,  or  60  in.  =  5  ft.     Ans. 

(1606)  Using  two  cages,  the  gross  load  is 

Material 3,000  lb. 

2  cars 3,600  lb. 

2  cages 4,800  lb. 

Rope 1,896  lb. 

Total 13,296  lb. 

The  net  load  is 

Material 3,000  lb. 

Rope 1,896  lb. 

Total 4,896  lb. 

Actual   load  =  net    load  +  10;^   of   gross   load  =  4,896  4 
.10  X  13,296  =  6,225.6  lb.     Ans. 

(1607)  See  Art.  2474. 

(1608)  The  working  diameter  of  the  drum  is  60  +  1  = 
61  in.  =  5  J  ft. 

6,225.6  X  H  X  :5.U16  =  99,421.6  ft.-lb.      Ans. 
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B1609)     Using  formula  211, 


a,-i2i.ti 


T  =  21.82,  say  23  in.     Ans. 


48.7(S  X  :.. 

kroke  =  23  X  1.6  =  33  in.     Ans. 

tl6IO)  Area  of  piston  =  12'  X  .TS51  =  113.1  sq.  in. 
lie  piston  travels  per  revolution  ^J  x  2  =  4  (t.  Total 
pressure  on  piston  =  11.3,1  x  40.  Work  =  total  pressure  x 
distance  traveled  by  piston  =  113.1  X  40  X  4  =  18,09C  ft.-lb. 

Ans. 
(1611)     Sec  Arts.  2471and  2472. 

_(1«12)     {a)   Using  formula  211, 

Toke  =  14  X  2.5  =  35  in.     Ans. 
i)  Area  of  piston  =  14'  x  ."S54  —  153.93S  sq.  in. 
;ngth  of  crank     =  y  —  17i  in.  *  I 

irning  moment    =^  total  pressure  on  piston  x  length  of 
k=  153.U3S  X  40  X  \~i  =  107,757  in. -lb.      Ans- 

1613)  See  Art.  2476. 

1614)  It  may  be  smaller.     See  Art.  2477. 
*616)     Larger.     See  Art.  2478. 

1616)  See  Art.  2480. 

1617)  Sec  Art.  2482. 

1618)  See  Art.  2484. 

1619)  Least  diameter  of  drum  =  IJ  x  00  =  90  in. 
Sffeciive  diameter  =  00  +  1^  =  91  *  in.  =  7|  ft. 
Hrcumference  =  75  x  3.141';  =  24  ft.,  nearly. 

_i.Ron 


'umber  of  turns  = 


24 


iding  5  turns  for  friction  and  for  possible  overwinding, 
number  of  turns  is  80. 
?idth  for  each  turn  =  ]  J  +  J^  =  1}  in. 

80  X  IJ  =  141)  in.  =  11  ft.  R  in       Ans. 


HOISTING  AND  HOISTING  APPLIANCES.    §  23 


(1620)  See  Art.  2488. 

( 1 621 )  See  Arts.  2488  and  2491  • 

(1622)  See  Arts.  2486  and  2626. 

(1623)  Assume,  first,  that   the  rope  weighs  !5,000  Vx 
Then,  the  load  on  the  rope  is 

Material 4,000  lb. 

Car 3,000  lb. 

Cage 3,200  lb. 

Rope 2,000  lb. 

Total 12,200  lb. 

Using  a  factor  of  safety  of  10,  the  breaking  load  is  61 

tons,  which,  from   Table  46,  requires   a   If-inch   rope,  the 

weight   of  which  is  3  lb.  per  foot.     The  weight  of   rope  is 

3  X  800  =  2,400  lb.,  which  adds  400  lb.  to  the  previous  total 

weight,  making  it   12,000  lb.,  or  6.3  tons.     The  breaking 

load  is,  therefore,  03  tons,  and  the  If-inch  rope  is  correct. 

The  minimum  diameter  is  1^  X  00  =  82^  in.  =  7  ft.,  nearly. 

Ans. 
Using  formula  213, 

_  7  (4,000  +  2  X  0,200  +  2  X  2,400)  _  .  q,  ..     ^^^  ^  ., 

^  "  4,000  +  2~^O57200  ""  ^'^^  "''  ^^^  ^  "• 

'         '  An& 

See  Art.  2492. 

See  Arts.  2498  to  2503. 

See  Art.  2505 

See  Arts.  ;^607  and  2610. 

See  Art.  2511. 

See  Art.  2612. 

See  Art.  2616. 

See  Art.  2614. 

See  Art.  2616. 


(1624) 

(1625) 

(1626) 

(1627) 

(1628) 

(1629) 

(1630) 

(1631) 

(1632) 

§  23  HOISTING  AND  HOISTING  APPLIANCES. 


(1633 
(1634 
(1635 
(1636 
(1637 
(1638 
(1639 
(1640 
(1641 
(1642 
(1643 
(1644 
(1645 
(1646 
(1647 
(1648 
(1649 
(16SO 
(1651 


See  Art.  2516. 

See  Arts.  2518  and  2520. 

See  Art.  2497. 

See  Art.  2529. 

See  Arts.  2530  and  2531. 

See  Art.  2532. 

See  Art.  2535. 

See  Art.  2535. 

See  Art.  2537. 

See  Arts.  2538  and  2539. 

See  Art.  2540. 

See  Art.  2543. 

See  Art.  2546. 

See  Art.  2547. 

See  Art.  2549. 

See  Art.  2549. 

See  Art.  2559. 

See  Art.  2560. 

See  Arts.  2563  and  2564. 
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■URFACE  ARRANGEMENTS       1 
1      BITUMINOUS  MINES.        ^M 

Wliesi) 

By  limit 

ing  the  size   of  the  opening  through              H 

which  ihe  c, 

ars  are  ha 

uleH      Small  seams  necessitate  the  use              ■ 

of  low  cars 

,  and  a  bad   roof  necessitates  narrow  headings.                 H 

and,  consequently,  c 

omparaliveiy  narrow  cars.     See   Art.     ^^_M 

■ses. 

^m 

Hi  853) 

See  Art, 

2569  and  Pigs,  '.m  and  948.                   ^^^| 

(18S4) 

See  Arts 

..  2572  1.1  2575  .ind  Fig.  947.                 ^^H 

(ies5) 

See  Arts 

..  2576  tu  2579  and  Fig.  948.                          ■ 

^lese) 

See  Art. 

2611.                                                                      I 

■ie57) 

See  Art. 

2583.                                                                1 

Hiess) 

From  1 

to  1/i  limes  the  vertical  height  of  the               ■ 

center  of  the  sheaves 

above  the  center  of  the  drum,  or  from               H 

00  to  78  feet.     See  A 

rt   2586.                                                                  I 

(I6S9) 

See  Art. 

^^J 

(leeo) 

See  Art. 

^^H 

(1661) 

See  Art. 

^^H 

(1662) 

See  Art, 

^^H 

(1663) 

See  Art. 

^^H 

■(1664) 

See  Art. 

^^H 

^n66S) 

See  Pigs 

.  947  and  948  and  Art.  2602.                  ^^^| 

Keee) 

See  Art. 

2606.                                                            ^^1 

8  24                                                                 1 

LZ 

"" - —                  i 

3  SURFACE  ARRANGEMENTS  8  2 

(1667)  See  Art.  2607. 

(1668)  See  Art.  2610. 

(1669)  See  Arts.  2613  and  2620. 

(1670)  See  Art.  2614. 

(1671)  See  Art.  2616. 

( 1 672)  See  Arts.  261 8  and  261 9. 

(1673)  See  Art.  2622. 

(1674)  f  =  4  trips  for  each  car  per  day.     4x2  = 

1  500 
tons  for  each  car  per  day.     Hence,  -^ —  =  187.5,  or  18 

o 

cars.     Ans. 

(1675)  See    Figs.    963    and    964    and    accompanyin 
description. 

(1676)  See  Art.  2625. 

(1677)  See  Art.  2630. 

(1678)  See  Arts.  2630  and  2640. 

(1679)  See    Figs.    965    and    966    and    accompanyin 
descriptions. 

(1680)  See  Art.  2631. 

(1681)  See  Art.  2631. 

( 1 682)  See  Art.  2634. 

(1683)  See  Art.  2634. 

( 1 684)  See  Art.  2634. 

(1685)  See  Art.  2638. 

( 1 686)  See  Arts.  2639  and  2640. 

(1687)  See  Art.  2644. 

( 1 688)  See  Art.  2647. 

(1689)  See  Art.  2649. 

( 1 690)  See  Art.  2650. 

(1691)  See  Art.  2654. 
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OF  BITUMINOUS  MINES. 


(1692] 

)     See  Art. 

2654. 

(1693] 

1     See  Art. 

2660. 

(1694) 

1     See  Art. 

2657. 

(1695] 

1     See  Art. 

2655. 

(1 696] 

1     See  Art. 

2655. 

(1697] 

I     See  Art. 

2669. 

(1698] 

1     See  Art. 

2670. 

(1699] 

1     See  Art. 

2663> 

(1700] 

1     See  Art. 

2664. 

(1701] 

1     See  Art. 

2664. 

(1702] 

1     See  Art. 

2664. 

(1703] 

1     See  Art. 

2665. 

(1704; 

1     See  Art. 

2665. 

(1 705] 

1     See  Art. 

2665. 

(1706] 

1     See  Art. 

2666. 

(1707] 

1     See  Art. 

2667. 

(1 708] 

I     See  Art. 

2669. 

(1709] 

1     See  Art. 

2672. 

(1710] 

1    Output  of  lump 

Tons. 


Output  of  nut     coal  =  1,500  X  .15  =  225 

Output  of  pea     coal  =  1,500  X  .08  =  120 

Output  of  slack  coal  =  1,500  X  .07  =  105 

The  lengths  of  sidings  are : 


See  Art.  2673. 


Lump, 
Nut, 
Pea, 
Slack, 


1,050X34 

30 
225  X  34 

30 
120  X  34 

30 


=  1,190  ft. 
=  255  ft. 
=     13()  ft. 


30         ~ 


An?-'. 


SURFACE  ARRANG.  OF  BIT.  MINES 
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(1711 

(1712 
(1713 
(1714 

(1715 


See  Art.  2674. 

See  Arts.  2675  and  2676. 

See  Art.  2675. 

See  Art.  2676. 

8  hr.  =  8  X  60  =  480  min. 
480  4-  20  =  24  trips. 

1,500  -7-  24  =  02,  the  number  of  tons  hauled  per  trip. 
62  -^  2  =  31,  number  of  cars  per  smallest  trip. 
31  X  8  =  248  ft.,  smallest  length  of  siding. 
248  ft.  X  2  =  406  ft. ,  proper  length.    Ans.    See  Art.  2677 

(1716)  See  Art.  2684. 

(1717)  See  Arts.  2695  to  2098. 


SURFACE  ARRANGEMENTS 


ANTHRACITE  MINES. 


^^1718)     A  drift   is   driven   in    the   coal   seam,  while 
tunnel    is   driven   across  the  measures.     See   Arts.  2720 
and  2721. 

MU719)  See  Art.  2747. 
^pi720)  See  An.  2797. 
^1 721)  See  Art.  2862. 
See  Art.  2802. 
See  Arts.  2738  and  2739. 
(a)  Since  the  inclination  of  the  dump  chute  ia 


719) 

720) 

1721) 

(J  722) 

(1723) 

(1724) 
3i  inches  per  foot,  or  ^,  the  tower  end  is  ,'j  X  300  =  58J 
feet  higher  than  the  breaker  end.  Therefore,  the  tower  end 
of  the  chute  is  90-|-5SJ=  148i  feet  above  the  wall  or  the 
breaker,  or  148  J  —  IS  =  136.33  feet  above  the  wall  of  tower. 

Ans. 

(A)  The  length  of  the  chute  is  the  length  of  the  hypote- 
nuse of  a  right-angled  triangle  of  which  the  base  is  200  feet 
and  the  altitude  is  the  rise,  58^  feet.  The  length  is,  there- 
fore, */200'-)-  58i'  =  208.33ft.     Ans. 

(1725)  See  Arts.  2731  and  2904. 

(1 726)  See  Art.  2724. 
(I  727)     See  Arts.  2778  to  2792. 

K728)     See  Art.  2858. 
§26 
f.    171/.—;.'' 
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(1729) 

(1730) 

(1731) 

(1732) 

(1733) 

(1734) 

(1735) 

(1736) 

(1737) 

(1738) 

(1739) 

(1740) 

(1741) 

(1742) 

(1743) 

(1744) 

(1745) 

(1746) 

(1747) 

(1748) 

(1749) 

(1750) 

(1751) 

(1752) 

(1753) 

(1754) 

(1755) 

(1756) 

See  Arts.  2793  and  2794. 

See  Art.  2826« 

See  Art.  2868. 

See  Art.  2740« 

See  Art.  2893. 

See  Art.  2743- 

See  Art.  2806. 

See  Art.  2875. 

See  Art.  2731. 

See  Art.  2877. 

See  Art.  2803. 

See  Art.  2729. 

At  right  angles.     See  Art.  289B« 

See  Art.  2745. 

See  Art.  2803. 

See  Art.  2867. 

See  Art.  2840. 

See  Art.  2749. 

See  Art.  2800. 

See  Art.  2823. 

See  Arts.  2866  to  2874. 

See  Art.  2750. 

See  Art.  2799. 

See  Art.  2835. 

See  Art.  2731. 

See  Art.  2842. 

See  Art.  2770. 

See  Art.  2896. 
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» 


(1757] 

I     See  Art.  2735. 

(1758] 

1     See  Art.  2758. 

( 1 759] 

I     See  Art.  2833. 

(1760] 

1     See  Arts.  2829  and  2924. 

(1761] 

1     See  Art.  2830. 

(1762] 

1     See  Art.  2856. 

(1763] 

\     See  Art.  2771. 

(1764] 

)     See  Art.  2889. 

(1765] 

)     See  Art.  2854. 

(1766] 

)     See  Art.  2925. 

(1767] 

1     See  Art.  2817. 

(1768] 

1     See  Art.  2764. 

(1769] 

I     See  Art.  2822. 

(1770] 

1     See  Art.  2828. 

(1771] 

I     See  Art.  2924. 

(1772] 

)     See  Art.  2763. 

(1773] 

1     The  Guibal.     See  Art.  2766. 

(1774] 

1     See  Art.  2829. 

(1775] 

1     See  Art.  2767. 

(1 776] 

1     See  Art.  2866. 

(1777] 

1     The  description  is  given  in  Art. 

(1778] 

1     See  Art.  2723. 

(1779] 

1     See  Art.  2866. 

(1 780: 

)     See  Art.  2851. 

(1781] 

1     See  Art.  2762. 

(1782] 

►     See  Art.  2782. 

(1783] 

1     See  Art.  2883. 

(1784] 

)     See  Art.  2773. 
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(1785) 

See  Art.  2849. 

(1786) 

See  Art.  2830. 

(1787) 

See  Art.  2884. 

(1788) 

See  Arts.  2778  and  2792. 

(1789) 

See  Art.  2846. 

(1790) 

See  Art.  2857. 

(1791) 

See  Arts.  2831  and  2890. 

Percussive  and  Rotary  Boring. 


6 


8 

9 

lO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


See  Art.  2. 

See  Art.  4. 

See  Art.  84. 

See  Art.  5. 

See  Art.  95. 

See  Art.  21. 

See  Arts.  92  and  94. 

See  Art.  11. 

See  Art.  87. 

See  Art.  22. 

See  Arts.  105-107. 

See  Art.  1 33. 

See  Art.  24. 

See  Art.  118. 

See  Art.  41. 

See  Art.  147. 

See  Art.  88. 

See  Art.  36. 

See  Arts.  52  and  53. 

See  Art.  56. 

§26 
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(21) 

1  See  Art. 

69. 

(22] 

)     See  Art. 

81. 

(23] 

1  See  Art. 

56. 

(24] 

\     See  Art. 

91. 

(25] 

1  See  Art. 

102. 

(26] 

(  See  Art. 

54. 

(27] 

►  See  Art. 

42. 

(28] 

1  See  Art. 

72. 

(29] 

1  See  Art. 

60. 

(30] 

\     See  Arts 

.  7  an 

(31] 

)     See  Art. 

4. 

(32] 

1  See  Art. 

89. 

(33] 

1  See  Art. 

lOO. 

(34] 

1  See  Art. 

lO. 

(35) 

1  See  Art. 

50. 

(36) 

See  Art. 

9. 

(37) 

1  See  Art. 

12. 

(38] 

1  See  Art. 

44. 

(39) 

\     See  Art. 

46. 

(40] 

1  See  Art. 

55. 

(41] 

1  See  Art. 

13. 

(42] 

1  See  Art. 

16. 

(43) 

1  See  Art. 

121. 

(44] 

1  See  Arts 

.  113 

(45] 

1  See  Art. 

124. 
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(46] 

1  See  Art. 

135. 

(47] 

1  See  Art. 

15. 

(48] 

1  See  Art. 

152. 

(49) 

)  See  Art. 

17. 

(SO) 

1  See  Art. 

160. 

(51] 

)     See  Art. 

110. 

(52] 

1  See  Art. 

15. 

(53] 

1  See  Art. 

22. 

(54) 

1  See  Art. 

148. 

(55] 

1  See  Art. 

18. 

(56) 

1  See  Art. 

15. 

(57) 

\     See  Art. 

39. 

(58) 

1  See  Art. 

40. 

(59) 

See  Art. 

120. 

(60) 

See  Art. 

37. 

(61) 

1  See  Art. 

64. 

(62) 

1  See  Art. 

73. 

(63) 

\     See  Art. 

142. 

(64) 

1  See  Art. 

67. 

(65) 

1  See  Arts 

.  116 

(66) 

1  See  Art. 

66. 

(67] 

1  See  Art. 

40. 

(68) 

1  See  Arts 

.  128 

(69) 

1  See  Art. 

36. 

(70) 

\     See  Art. 

74. 

PERCUSSIVE  AND  ROTARY  BORING.       §S 


(71] 

1  See  Art. 

65- 

(72) 

1  See  Art. 

139. 

(73) 

1  See  Arti 

3.  33  and  34. 

(74) 

1  See  Art. 

26. 

(75) 

\     See  Art. 

150. 

(76) 

\     See  Art. 

169. 

(77) 

1  See  Art 

35. 

(78) 

(  See  Art 

.  141. 

(79) 

1  See  Art. 

23. 

(SO) 

1  See  Art. 

25. 

(81) 

1  See  Art. 

19. 

(82) 

1  See  Art. 

14. 

(83) 

\     See  Art. 

24. 

(84) 

1  See  Art. 

28. 

(85) 

1  See  Art. 

30. 

(86) 

1  See  Art. 

28. 

(87) 

1  See  Art. 

31. 

(88] 

)  See  Art. 

63. 

(89; 

)     See  Art 

143. 

(9o: 

(  See  Art 

.  149. 

COMPRESSED-AIR 
COAL-CUTTING  MACHINERY. 


(1 

(3 
(4 
(5 
(6 

(7 
(8 
(9 


See  Art.  1, 

See  Art.  3. 

See  Art.  7. 

See  Arts.  1 1  and  1 2. 

See  Art.  20. 

See  Art.  26. 

See  Art.  31. 

See  Art.  37. 

See  Art.  1. 

(10)  See  Arts.  4  and  9. 

(11)  See  Art.   lO. 

(12)  See  Art.  14. 

(13)  See  Art.  22. 

(14)  Substituting  in  formula  3, 

250X12  =16.08  ft.  per  sec. 

Ans. 


y_  ./2x"32.16  X  2'  X  3.1416  X  80  X  12 


(15)  See  Art.  32. 

(16)  See  Art.  37. 
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§S 


(17)  See  Art.  40. 

(18)  See  Art.  38. 

(19)  See  Art.  43. 

(20)  See  Arts.  2  and  21 . 

(21)  See  Art,  5. 

(22)  See  Art.  13. 

(23)  See  Art.  28. 

(24)  See  Art.  34. 

(25)  See  Art.  39. 

(26)  See  Art.  45. 

(27)  See  Art.  2. 

(28)  See  Art.  5. 

(29)  See  Art.  6. 

(30)  See  Art.  16. 

(31)  See  Art.  23. 

(32)  See  Art.  47. 

(33)  See  Arts.  29  and  30. 

(34)  See  Art.  33. 

(35)  See  Art.  39. 


(36 


Substituting  in  formula  4, 
18  X  33,000 


F  = 


330 


=  1,800  lb.     Ans. 


i37 


V 


See  Art.  5. 


(38; 


See  Art.  9. 
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(39)  See  Art.  18. 

(40)  Using  formula  1, 

rr      6  X  33,000  ,     ,, 

U=     ^^^ =  990  ft.. lb.     Ans. 

(41)  See  Art.  36. 

(42)  See  Art.  6. 

(43)  See  Art.  1 7. 

(44)  See  Art.  1 9. 

(45)  Using  formula  2, 

^      n^  X  175  X  12       ^  ^^^  ^  ,^       , 
^=2X32.16X2.5  =  ^'^^^-^^^-     ^""• 

(46)  See  Art.  19. 

(47)  See  Arts.  46  and  47. 

(48)  See  Art.  46. 

(49)  See  Arts.  30  and  31. 

(50)  No  key. 
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[DYNAMOS  AND  MOTORS. 

(PART    1) 


(1)     The  end  b\  because,  in  looking  at  that  end,  t 
"  rent  circulates  around  tlie  helix  ili  an   opposite  direc 
hands  of  a  watch.     (Art.   29  | 


\ 


(2) 


(a)  Negative.  (Art.  7.) 
\b)  Negative.  (Art.  7.) 
(c)  Positive.     (Art.   7.) 


(3)  By  formula  6)  C  =  -„.  where  C  is  the  current  in  am- 
peres flowing  in  a  closed  circuit,  E  is  the  total  generated 
E.  M.  F.  in  votls,  and  R  is  the  total  resistance  in  ohms 
of  the  circuit.     In  this  example,  E  =  20  volts  and  A'  =  30  + 


so  = 


110  ohms;  hence,  C  =  -^  =  —--  =  .1818  ampere.   Ajis. 


(4)     Let  A  represent  the  first  branch  and  B  the  second; 

then,  r,  —  1G.3  ohms,  r,  =  14.1  ohms,  and  C=  fi. 37  amperes. 

The  current  c,  in  branch  A  is  found  by  using  formula 

6>,    _(!.37  •>i.U.l^ 


'  =  2.9043 


lO;  substituting,  gives  .,  =  ^-^- ^^^^-^^^  - 

amperes.     Ans.  ' 

The  current  <-,   in    branch    B    is   found   by  using  formula 
II;  substituting,  gives 
Cr 


_  6.37  X  Iti.a 
■  16.2  +  14.1 


—  3.4057  amperes.     Ans. 


(5)  From  formula  23,  W  =  H.  P.  x  740,  where  H.  P.  is 
the  horsepower  and  W  is  the  power  in  watts.  In  this 
example,  H.  P.  =  2.33 horsepower;  hence,  \V  =  H.  P.  x  746  = 
2.33  X  7415  =  1,738.18  watts.     Ans. 


Fee  ncUce  «f  Mn  copyrlBht.  sec  [ngs  \r, 


ilelyinllowinKtlioti 
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E' 

(6)  [a)  From  Art.  64  and  formula  6,  C  =  -t^,   where  6 

is  the  current  in  amperes,  E'  is  the  difference  of  potential  in 
volts  between  two  points,  and  R!  is  the  resistance  in  ohms 
between  them.     In  this  example,  E'  =  58.4  volts  and  R  = 

2.3  ohms;  hence,    r= -^  = -^r-^  =  25.3913  amperes.     Ans. 

E^ 
(b)  From  formula  21,  '^"^  =  "o"*  where  W^isthe  power  in 

watts,  E.  is  the  E.  M.  F.,  or  difference  of  potential  in  volts, 
and  A'  is  the  resistance  in  ohms.  In  this  example,  E  =  58.4 
volts  and  A'=  2.3  ohms;  hence, 

lV=-fy=z  =  —  =  1,482.8521  watts.     Ans. 

A  2.  o  2.  o  • 

(^)  By  formula  22,  H.  P.  ==7777;  by  formula  21,  /r  = 

746 

E^  E* 

-^:  therefore  (see  Art.  81),   H.  P.  =  ^^^  y,,   where   H.  P. 

is  the  horsepower,  E  the  E.  M.  F.,  or  difference  of  potential 
in  volts,  and  R  the  resistance  in  ohms. 

TT  IT    T^  58.4*  3,410.56       .  ^.0,^^  i_ 

Hence,  H.  P.  =  ^^j^~  =  -^^^^  =  1  9877  horsepower. 

'  Ans. 

(7)  Platinum,  as  it  follows  zinc  in  the  list  (Art.  13). 

(8)  Towards  the  eurst  (Art.  26). 

(9)  By  formula  8,  /:  =  C  A,  where  E  is  the  total  E.  M.F. 
in  volts  developed  in  a  closed  circuit,  C  is  the  current  in 
amperes  flowinji^,  and  A'  is  the  total  resistance  in  ohms  of 
the  circuit.  In  this  example,  C=.76  ampere  and  K  = 
17.2  +  8.2+ 11. ;5  =  :J(>.7  ohms;  hence,  E  =  C  R  =  ,7b  X 
36.7  =  27.5-->o  volts,  the  total  E.  M.  F.  developed  in  the 
battery. 

By  derivation  from  formula  8,  E'  =  C  R\  where  £'  is 
the  difference  of  potential  in  volts  between  two  points,  c'  is 
the  current  in  amperes  llowing,  and  R'  is  the  resistance  in 
ohms  between  the  two  points. 


i 
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Between  n  antl  6,  R' =  1\.3  ohms  and  C  =  .7a  ampere: 
hence.  £'  =  C R'  =  .75  X  11  a  =  8.475  vuks,      Aiis. 

Between  b  and  c,  R'  =  8.2  nhms  and  C  =  .75  ampere; 
E'  =  CR'  =  .75  X  8.3  =  cm  volts.     Ans. 

Between  a  and  r,  the  difference  of  potential  is  the  difEer- 

iceof  potent i:i[  between  a  and  d  plus  that  between  *and  c, 
■hich  is  fi.  15 +  8.475=  14.025  volts.  Or,  since,  the  differ- 
ence of  potential  between  a  and  f  is  the  available  E.  M.  F.  of 
the  battery,  when  a  current  of  .75  ampere  is  flowing,  it  can 
be  calculated  by  using  formula  H,  E'  ^=-  E  —  C r,,  where  E' 
is  the  available  E.  M.  F.,  /;  is  the  total  E.  M.  F.  developed 
m  the  battery,  C  is  the  current  flowing,  and  r,  is  the  internal 
resistance  of  the  battery.  In  this  case,  E  =  27.5'<!5  volts, 
t"  ^  .75  ampere,  and  r,  =  17.3  ohms;  therefore,  E'  = 
f-rr,  =  27.525-  (,75  x  17,2)  ^  U.(;25  volts.      Ans, 

(lO)  The  sectional  area  of  a  wire  .2  in.  in  diameter  is 
.7854  X  -2  X  .2  =  .031410  sq.  in.,  or,  nearly,  .0314  sq.  in. 

Reduce  the  specific  resistance  in  microhms  to  the  resist- 
ance in  ohms  by  dividing  by  l.nno.noo  (Art,  44),  which 

gives  -  ',  , ' =  .00O000.Wai  ohm;  or.  in  other  words,  the 

resistance  uf  a  piece  of  silver  one  inch  long,  and  whose  sec- 
tional area  is  one  square  inch,  is  .O0O00O5!)2l  ohm.  Next, 
from  this  resistance  and  length  calculate  the  resistance  of 
l.OiKt  feet  of  the  silver  with  a  sectional  area  of  1  sq.  in.,  by 

using  formula  |,  r,  =  '.-,  where  i\  is  the  original  resist- 
ance, r,  is  the  resistance  after  the  length  of  the  conductor 
is  changed,  /,  is  the  original  length  of  the  conductor,  and 
/,  is  the  changed  length.  In  this  example,  r,  =  .0000005021 
ohm,  /.  =  1  inch,  and  /,  =  1,000  feet,  or  12,000  inches. 
Hence,  by  substituting,  r,  =^ 

B71052  ohm;  that  is,  the  resistance  of  l,OtH)  feet  of  silver 

,ving  a  sectional  area  of  1  sq,  in.  is  .0071052  ohm.     From 

result    calculate    the    resistance    of    1,000    feet    of   the 

liver   when  its  sectional   area   is  .0314   sq,   in.,  by   using 
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formula  2,  r,  =  — — \  where  r,  is  the  original  resistance,  r,  is 

the  resistance  after  the  sectional  area  has  been  changed,  j, 
is  the  original  area,  and  a^  is  the  changed  sectional  area. 
At  this  stage  of  the  example,  r,  =  .0071052  ohm,  ^ ,  =  1  sq. 
in.,  and  a^  =  .0314  sq.  in.     Hence, 

.0071052  X  1        ^^^^    ,  . 

^«  = TT^TTi =  .2262  ohm.     Ans. 

.0ol4 

(11)  By  formula  8,  £  =  C  Ry  where  £  is  the  total 
E.  M.  F.  in  volts  developed  in  a  closed  circuit,  C  is  the  cur- 
rent in  amperes  flowing,  and  R  is  the  total  resistance  in 
ohms  of  the  circuit.  In  this  example,  C=.127  ampere 
and  ^  =  36.2  +  21.7  =  57.9  ohms.  Hence,  by  substituting, 
£=CR=A27  X  57. 9  =  7. 3533  volts!     Ans. 

(12)  By  formula  14,  0  =  C/,  where  Q  is  the  quantity 
of  electricity  in  coulombs  which  passes  through  a  circuit, 
C  is  the  current  in  amperes  flowing  in  that  circuit,  and  /  is  the 
time  in  seconds  during  which  the  current  flows.  In  this 
example,  C=  8.32  amperes  and  /  =  2.25  X  60  X  60  =  8,100 
seconds.  Hence,  by  substituting,  (9=  C/  =  8.32  X  8,100  = 
67,392  coulombs.     Ans. 

(13)  By  formula  19,  IV  =  C £y  where  IV  is  the  power 
in  watts,  /:  is  the  E.  M.  F.  in  volts,  and  C  is  the  current  in 
amperes.  In  this  example,  ^5"=  112.5  volts  and  C=12.2 
amperes.  Hence,  by  substituting,  IV  =  C  £  =^  12.2  X 
112.5  =  1,372.5  watts.     Ans. 

(14)  By  formula  12,  the  joint  resistance  of  a  derived 

circuit  of   two  branches  in  parallel    R'  =  — - — ^—.     In  this 

^,  +  ^ 
case,  r^  =  2.4  and  r,  =  987.3;  then  their  joint  resistance  in 

..  .     r>u       2.4  X  987.3       2,309.52      ^  _,,     , 

P^^^^^"^    ^    ^  2.4  +  987.3  =  -989T  =  ^'^^^^  ^^"^^'     ^"^- 

(15)  By  formula  4,  r^  =  r^  (1  +  /^),  where  r,  is  the 
original  resistance  of  a  conductor,  r,  is  the  resistance  after 
a  rise  in  temperature,  i'  is  the  temperature  coefficient,  and 
/  is  the  rise  of  temperature  in  degrees  F.     In   this  example, 
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=  43.3  ohms,  /  =  86  —  60  =  25°  F.,  and  k  =  UOSloo,  from 
Ijtble  1.  Hence,  by  substituting,  r^=  r  {I  -\- 1  k)  = 
1.9(1  +  35  X  .WJal65)  =  43.2  >C  1.053875=  45.53?-l  ohms. 


r(16)     By  formula  13,  the  joint  resistance  of  three  con- 

Mctors  in  parallel  R'"  = '  -'    ' ,   where   r,,    r,, 

'',r,-i-r,r,  +  r,r; 

and  r,  are  the  separate  resistances  of  the  three  conductors, 
respectively.  In  this  example,  let  r,  =  37  ohms,  the  resist- 
ance of  A;  r-,  =  45  ohms,  the  resistance  of  B-,  and  r,  =  73 
ohms,  the  resistance  of  C.     Substituting,  we  have 

r,  r,  r,       _  _  37  X  45  X  72 _11'J.MHI)  _ 

r^r,-{-r,r,  +  r[r,  45  X  72  + 37  X  72 +  37x45  ~  7.5<3!l  ~ 
15.8383  ohms,  the  joint  resistance  of  the  three  conductors 
A,  B,  and  f"  connected  in  parallel.  Ans. 
|<17)  By  formula  8,  E  ^  C R,  where  E  is  the  total 
,  M.  F.  in  volts  developed  within  a  closed  circuit,  t  is  the 
hrrent  in  amperes,  and  R  is  the  total  resistance  in  ohms  of 
:  circuit.  In  this  example,  C  =  3. 73  amperes  and  R  = 
to.3ohms;  hence,  by  substituting,  £■  =  C^=3.73  X  49.3  = 
"  1.589  volts.  Ans. 
1(18)  From  Art.  43,  the  joint  resistance  of  several  con- 
tactors connected  in  series  is  equal  to  the  sura  of  their 
ceparate  resistances;  hence,  in  this  example,  the  joint  resist- 
ance of  the  four  conductors  A,  B,  C,  and  /.',  in  series,  is 
3  +  19  +  72  +  111  =  305  ohms.     Ans. 


t 


(19)     (a)  By  formula  7,  ^  =  7^,  where  R  is  the    total 


iistance  in  ohms  of  a  closed  circuit,  £  is  the  total  E.  M.  F. 
in  volts  developed,  and  C  is  the  current  in  amperes  flowing 
the  circuit.     In  this  example,  £"  =  28.3  volts  and  C  =  5.2 


amperes;  hence,  R  = 


5.2 


=  5.423  ohms.     Ans. 


(d)     The  total  resistance  of  3  closed  circuit,  Art,  60,  is 
equal  to  the  sum  of  the  internal  and  external   resistances. 

Ice  in  this  example  the  external  resistance  is  7  timus  the 
r.    Mii—i'i 
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internal,  and  their  sum  is  5.423,  let  4  of  the  total  resistance 
represent  the  internal,  and,  therefore,  |  of  the  total  resist- 
ance represents  the  external  resistance.  Hence,  i  X  5.423  = 
.677875  ohm,  the  internal   resistance.     Ans. 

And  i  X  5.423  =  4  745125  ohms,  the  external  resistance. 

Ans. 

(20)  We  here  use  formula  16,/=  C"/^/,whereyisthe 
work  in  joules,  Cis  the  current  in  amperes,  R  is  the  resist- 
ance in  ohms,  and  /  is  the  time  in  seconds.  In  this  case, 
r=  14.2  amperes,  ^  =  8  ohms,  /  =  4,500  seconds.  Then, 
the  work  done  =  14.2  X  14.2  X  8  X  4,500  =  7,259,040  joules. 

Ans. 

(21)  By  formula  5,  r,  ^TZlTTZ*  ^^^^^  ^i  '^^  ^^^  original 

resistance  of  a  conductor,  r,  is  the  resistance  after  its  tem- 
perature has  fallen,  /  is  the  fall  of  temperature  in  degrees 
F.,  and  k  is  the  temperature  coefficient.  In  this  example, 
r,  =  214  ohms,  /  =  82  -  50  =  32°  P.,  and  k  =  .002094,  from 
Table  1.     Hence, 

r  214  214 

^  =  T+n  =  1  + 32  X ■002094  =  0)67008=  ^^O- 5608 ohms. 

Ans. 

(22)  From  Art.  75,  the  separate  resistance  of  any 
branch  of  a  derived  circuit  is  equal  to  the  difference  of 
potential  between  where  all  the  branches  divide  and  where 
they  unite,  divided  by  the  current  in  that  branch. 

Hence,   the   separate   resistance   of  branch  A    is  -— ^  = 

6.7 

1.7313  ohms.     Ans. 

1 1  fi 
The  separate  resistance  of  branch  B  is-j-^=  2.3673 ohms. 

Ans. 
/£ 

(23)  By  formula  7,  ^  =  ^,  where  R  is  the  total  resist- 
ance in  ohms  of  a  closed  circuit,  B  is  the  total  E.  M.  F.  in 
volts  developed  in  the  circuit,  and  C  is  the  current  in 
amperes  flowing  in  the  circuit.     In  this  example,  £  =  22.4 

volts  and  r=.43  ampere;    hence,  ^  =  ^=--^  =   52.093 


J 
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ohiHS,  the  total  resistance  of  tlie  circuit.  Since  the  total 
resistance  of  a  closed  circuit  is  equal  to  the  sum  of  the  exter- 
nal and  internal  resistances,  the  external  resistance  must  be 
the  difference  between  tlie  total  resistance  ami  the  internal 
resistance.  Hence,  the  external  resistance  —  S'-J.O!i;t  —  13, 4  = 
38.693  ohms.      Ans. 

(24)     By  transposition  ..f  terms  in  formula   14,  6^=^, 

where  C  is  the  current  in  amperes,  Q  is  the  quantity  of  elec- 
tricity in  coulombs,  and  /  is  the  time  in  second.s.  In  this 
example,    (?  =  308.428    coulombs    and    /  =  4.5x  00X60  = 

O       308  422 
16,800  seconds;  hence,  C  = ---  =  ^T—^--  =  -J2.74'n  amperes. 

k'  Ans. 

25)  By  formula  16,  /=  C  A'/,  where  /is  the  work 
le  in  joules,  C  is  the  current  in  amperes.  A'  is  the  resist- 
ance in  ohms,  and  /  is  the  time  in  seconds.  In  this  example, 
£7^2.4  amperes,  H  =  \a  ohms,  and  /  =  3,000  seconds. 
Then  the  electrical  work  done  =  2.4  X  2.4  X  46  X  3,000  = 
777.600  joules.  By  formula  18,  the  mechanical  work  done 
=  F.  V.  =  .7373  /  =  .7373  X  777,000  =  573,324.48  foot- 
]»>unds.     Ans. 

-^••I..     OO       14      P     —   - 

"  740' 
ir=  C E;   therefore  (see  Art.    81),   H.  P.  =  ^  f^,  where 

H.  P.  is  the  horsepower,  E  is  the  E,  M.  F.  in  volts,  and  C  is 
the  current  in  amperes.  In  this  example,  E  =  525  volts 
and  C=\%.S  amperes;  hence, 

„    _        £r      525X  12.5      ^,  „„,.,^  ,  . 

~  YiR  ~ "Ir —  ~  *i-7!H/J  horsepower.     Aus. 

(27)  {a)  By  formula  20,  IV=C'R,  where  IV  is  the 
[")wcr  in  watts,  C  is  the  current  in  amperes,  and  Ji  is  the 
resistance  in  ohms.  In  this  example,  ^  =:  110  amperes  and 
A'  =  4.«ohms:  hence,  II'=  r'A'  =  110'  X  4.2  =  50,820  watts. 
Ans. 

(*)     By  formula  22,  H.  P.  = -jg,    where    H.  P.   is  the 
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horsepower  and  IV  is  the  power  in  walls.     In  this  exampl 

JF=  5U,82U  waits;  hence, 

^■^■^^^  ^^fi6^  "^  ^^-  ^^^^  h'^i-sepower.     Ans. 

(28)  The  diagram.  Fig.  1,  shows  the  connections  of  ik 
battery  and  galvanometer  circuits  to  the  circular  type  cf 

resisiance-box  for  measur- 
ing unknown  resistances 
by  the  Wheal  stone- bridge 
method.  The  upper  bal- 
ance arm  {Art.  53)  of  the 
bridge  includes  the  resist- 
ance coils  from  c  to  a,  the 
'  lower  balance  arm  includes 
the  coils  from  *?  to  J,  and 
the  adjustable  arm  in- 
cludes the  coils  from  i/to  i 
One  pole  of  the  battery  /- 
is  connected  to  the  juni:- 
tion  of  the  two  balance 
arms,  the  other  to  the  junction  of  the  adjustable  arm  ami 
the  unknown  resistance  X.  One  terminal  of  the  galvanom- 
eter G  is  connected  to  the  junction  of  the  lower  balan« 
arm  and  the  adjustable  arm,  the  other  to  the  junction o( 
the  upper  balance  arm  and  the  unknown  resistance. 

(29)  By  formula  1 ,  the  changed  resistance  for  variaticn 


in  length 


J--,  where  r,  is  the  original  resistance,  /,  is 


the  original  length,  and  /,  is  the  changed  length.  In  this 
case,  r,  =  1  ohm,  /,  =  1,000  feet,  and  /,  =  2,000  feet.  Then, 
t  X  2,000 


the   changed    resistance 


■  =  3    ohms.     The 


L 


1,000 

next  operation  is  to  determine  the  resistance  of  the 
wire  when  its  sectional  area  is  changed.  A  round  wif- 
.1'  in  diameter  has  a  sectional  area  of  A*  X  .7854  ^  .OOTBS* 
sq.  in.,  and  a  square  wire  .1'  on  a  side  has  a  sectional  ari^ 


of  .1  X  .1  =  .01  sq,  i 


By  formula  2,  r,  =  -' — -',  where  r,  t 
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the  original  resistance  of  a  conductor,  r,  is  the  resistance 

after  its  sectional  area  is  changed,  a,  is  the  original  sectional 

area,  and  «,  is  the  changed  sectional  area.     At  this  stage  of 

the  example,  r,  =  2  ohms,  «,  =  .007854  sq.  in.,  and  «,  =  .01 

u                      ^«.       2  X  .007854       ,  ^,„^    , 
sq.  m.      Hence,  r,  =  -J — '  — — =  1.5708  ohms. 

"'  ■  Ans. 

W 
(30)     By  formula  22,  H.  P.  =  ~   where  H.  P.  is  the 

horsepower  and  H''is  the  power  in  watts.     In  this  example, 

IV_ 

^  74e 


watts:  hence,  H,  P.  -  ij^  =  ^^  =  72.0541 


horsepower.     Ans. 

(31)  The  sectional  area  of  a  round  column  ,04  in.  in 
diameter  is  .04'  X  .7854  =.00135064  sq.  in.,  or  .001257  sq.  in., 
nearly. 

Reduce  the  specific  resistance  in  microhms  to  the  resist- 
ance in  ohms  by  dividing  by  1,000,000,   Art.  44,  which 

gives     - '„        ■  =  .00003715  ohm;  or,    in   other   words,  the 
1,U1MJ,0(K) 

resistance  of  a.  quantity  of  mercury  1  in.   long,  and  whose 

sectional  area  is  1  sq.  in,,  is. 00003715  ohm.     Next,  from  this 

resistance  and  length,  calculate  the  resistance  of  a  column 

of  mercury  72.S'  high,  with  a  sectional  area  of  1  sq.  in.  by 

using    formula     I,    r,=  -y-*.     where    r,    is    the    original 

resistance  of  a  conductor,  r,  is  the  resistance  after  its 
length  has  been  changed,  /,  is  its  original  length,  and 
/,  is  its  changed  length.     In  this  example,  r,  =  .00003715 

ohm,    i,=l',    and   /,  =  72. 8    inches.       Hence,  r,  =  -j^  = 

.IMX)0371^5  X  72.3  ^  .002685945.  or  ,002686  ohm,  nearly;  or, 

in  other  words,  the  resistance  of  a  column  of  mercury 
73.3' high,  having  a  sectional  area  of  1  sq.  in.,  is  .003686 
ijim.  From  this  result  calculate  the  resistance  of  the 
olumn  when  its  sectional  area  is  ,001257  sq.  in.,  by  using 

formula   2,  r,  =  -'— i,    where    r,   is  the  origin 


k 


10  DYNAMOS  AND  MOTORS.  §28 

r,  is  the  resistance  after  the  sectional  area  has  been 
changed,  a^  is  the  original  sectional  area,  and  a^  is  the 
changed  sectional  area.  At  this  stage  of  the  example, 
r,  =  .002680  ohm,  a^  =  I  sq.  in.,  and  a^  =  .001257  sq.  in. 
Hence, 

r.  =  ^  =  il2?^^  =  2.1368  ohms.     Ans. 
•        tf,  .001257 

(32)  By  formula  6,  C  =  -^,   where   C   is    the    current 

in   amperes   flowing   in   a  closed   circuit,    E    is    the    total 

E.  M.  F.  in  volts  generated,  and  R  is  the  total  resistance 

in    ohms    of   the    circuit.      Since    the    total    resistance  of 

a  closed  circuit  is  the  sum  of  the  external   and    internal 

circuits,  ^  =  33  +  30  =  63  ohms  and  -f  =  45  volts ;    hence, 

jE      45 
C= -75= —  =  .7143  ampere.     Ans, 
J\       bo 

(33)  In  Fig.  5,  question  33,  the  reading  of  the 
voltmeter  gives  the  total  E.  M.  F.  of  the  battery. 
Hence,  after  the  connections  are  made,  as  shown  in 
Fig.  6,  question  33,  there  is  a  closed  circuit  in  which 
the  total  E.  M.  F.  developed  is  24.4  volts,  and  through 
which  a  current  of  .8  ampere  is  flowing.     By  formula  7, 

R  =  — ,,  where  R  is  the  total  resistance  in  ohms  of  a  closed 

circuit,  Ji  is  the  total  E.  M.  F.  in  volts  developed,  and  C  is 
the  current  in  amperes  flowing.      In  this  example,  ^  =  24.4 

E      24.4 

volts  and  6'=  .8  ampere;  hence,  ^  = -^  =  — ^=:  30.5 ohms, 

the  total  resistance  of  the  circuit. 

From  the  reading  of  the  voltmeter,  after  the  connections 
are  made  as  shown  in  Fig.  6,  it  will  be  seen  that  when  a 
current  of  .8  ampere  flows  through  the  external  resistance 
from  b  to  a  through  R,  there  is  a  drop  or  loss  of  potential 

E* 

of  18  volts.     By  Art.  64  and  formula  7,  /?'=  ^,  where  K  is 

the  resistance  of  a  conductor,  E'  the  drop,  or  loss,  of  poten- 
tial   in   that   conductor,  and    C  is  the  current  in  amperes 
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wing  through  it.     In  this  case,  K'  =  Iti  vuiis  and  C  =  .8 
ampere;  hence,  A"—  ~=—  =  a4.5  ohms,  the  resistanceof 

^he  external  circuit  from  b  \o  a  through  the  resistance  R. 

K  An.. 

^P  Since  the  total  resistance  of  a  closed  circuit  is  the  sum  of 

^he  external  and  internal  resistances,  Art.  60,  the  internal 
resistance  must  be  the  difference  between  the  total  and 
external    resistances.      Hence,    30.5  —  33.5  =  8   ohms,    the 

t internal  resistance  of  the  battery  11.  Ans. 
I  {34)  By  formula  19,  IV=CE,  where  H-'is  the  power 
In  watts,  £  is  the  E.  M.  F.,  or  difference  of  potential  in 
volts,  and  C  is  the  current  in  amperes.  In  this  example, 
R  =  510  volts  and  C  =  2i.3  amperes;  hence,  If'=  510  X 
34,3  =  13,393  watts.     Ans. 

(3S)  Referring  to  Art.  56,  the  total  E.  M.  F,  de- 
veloped by  connecting  several  cells  in  series  is  equal  to  the 
E,  M.  P.  of  one  cell  multiplied  by  the  number  of  cells;  hence, 
the  E.  M.  F.  of  one  of  the  groups  of  C  cells  is  6  x  1.5  =  9 
volts.  In  the  same  article  it  is  stated  that  connecting 
cells  in  multiple,  or  parallel,  does  not  change  the  E.  M,  F. 
between  the  main  conductors.  In  this  case,  each  group  of 
six  cells  can  be  considered  as  one  large  cell  developing  an 
E.  M.  F.  of  9  volts,  and,  consequently,  the  E.  M.  F.  of  the 
four  groups  connected  in  multiple,  or  parallel,  is  0  volts, 
which  would  he  the  E.  M.  F.  indicated  by  a  voltmeter  con- 
nected to  the  main  conductors  c  and  <-',  as  shown  in  Fig.  7, 
sstion  36,     Ans. 

;36)     By  formula   22,   H.  P.  =  -^—7;   by  formula   19, 

(r=  C£;    therefore  (see  Art.   81),   H.  ^.  -  ir^, 

H.  P.    is  the  horsepower,   E  is  the   E.  M.  F.  in  volts,  and 

C  is  the   current    in    amperes.       In    this    example,    E  = 

E  C 
250  volts    and    C=  (15.7    amperes;  hence,    H.  P- = -stj:  = 

-J5Q  X  65.7  __  16.425 
746         "     r+li 


K 


:23,n|T-t  horsepower.      Am 


1 
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(37)  In  Art.  26  it  is  stated  that  when  a  compass  is 
placed  under  a  conductor  in  which  an  electric  current  is 
flowing  from  the  south  to  the  north,  the  north  pole  of 
the  compass  needle  tends  to  point  towards  the  west,  and  if 
the  direction  of  the  current  in  the  conductor  is  reversed,  the 
north  pole  will  point  towards  the  east.  Since,  in  this  example, 
the  north  pole  of  the  needle  tends  to  point  towards  the  east, 
the  current  must  be  fiowing  from  the  north  to  the  south. 

(38)  End  ^,  since  (Art.  29),  in  looking  at  the  face  of 
the  end  a,  the  current  circulates  around  the  core  in  the  same 
direction  as  the  movement  of  the  hands  of  a  watch. 

(39)  Attract  one  another;  since  (Art.  7)  a  positive 
charge  is  developed  upon  the  ivory  when  rubbed  with  silk 
and  a  negative  charge  upon  sealing-wax  when  rubbed  with 
fur;  and  from  Art.  6,  electrified  bodies  with  dissimilar 
charges  are  mutually  attractive. 

(40)  The  exposed  end  of  the  iron;  since,  from  Art.  13, 
the  iron  forms  the  positive  element  of  the  cell,  and,  from 
Art.    12,  the  pole,  or  electrode,  attached  to  the  exposed 

end  of  a  voltaic  element  is  always  of  opposite  sign  to  the 
element  itself. 

(41)  From  Art.  21,  iron  and  its  alloys,  nickel,  cobalt, 

manganese,  oxygen,  cerium,  and  chromium. 

(42)  Towards  the  south  pole,  since,  from  Art.  20, 
unlike  poles  attract  one  another. 

(43)  Towards   the   north    pole,    since,   from    Art.   20, 

unlike  poles  attract  one  another. 

(44)  From  the  north  /o  the  south,  since,  from  Art.  26, 
the  north  pole  of  a  compass  needle  tends  to  point  towards 
the  east  when  the  compass  is  placed  over  a  conductor 
in  which  the  current  is  flowing  from  the  south  to  the  north; 
and  by  reversing  the  direction  of  the  current  in  the  con- 
ductor, the  north  pole  of  the  needle  tends  to  point  towards 
the  west  and  the  south  pole  towards  the  east. 

(45)  The  current  should  enter  the  wire  at  end  6\ 
since  (Art.   29),  in  looking  at  the  face  of  the  south  pole 
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magnet,   the   current   circulates    around    the    core 
pthe  direction  of  the  motion  of  the  hands  of  a  watch. 

r  r  I 

I  (4tt)     By   forrau'a   1,  r,  =  -^,  where  r,  is  the  original 

resistance  of  a  conductor,  r,  is  the  resistance  after  its  length 
has  been  changed,  /.  is  the  original  length,  and  /,  is  its 
changed  length.  In  this  example,  r,  =  100.8  ohms,  /,  = 
(112  X  12)  +  6  =  1.350  inches,  and  /,  =  11.7  inches.  Hence. 
_  _  ^A  _  100.8  X  11.7  _ 


1,350 


I73C  ohm.     Ans. 


resistance  of  a  round  conductor,  r,  is  the  resistance  after 
its  diameter  has  been  changed,  D  is  its  original  diam- 
eter, and  d  is  its  changed  diameter.  In  this  example, 
r^  =  80. 5  ohms,  D  =  ,\  inch,  and  i/=  .03  inch;  hence,  r,  = 
r,Ty  _  8fi.5  X  .l'_80.5  X  -01  _ 


.02'  .OOOt 


-3,102.5  ohms. 


(48)  By  formula  4,  r^  =  r.  (\ -\- 1 k),  where  r.  is  the 
original  resistance  of  a  conducLor,  r,  is  the  resistance 
after  its  temperature  has  risen,  k  is  the  temperature 
coefficient,  and  /  is  the  number  of  degrees  rise  Fahrenheit. 
In  this  example,  r.  =  91.8  ohms,  /  =  73  —  45  =  27  degrees, 
and  A  =  .000244,  from  Table  1.  Hence,  r,  =  r,  (1  + /-&)  = 
tl.a   (1  +  27X  .000244)  =  91.8X  1.006688  =  92.4048    ohms. 

Ans. 

(49)  By  formula  S,  r,  =         '  ■  , .  where  r,  is  the  original 

resistance  of  a  conductor,  r,  is  the  resistance  after  its 
I -mperature  has  fallen,  t  is  the  number  of  degrees  fall 
i.ihrenhcit,  and  k  is  the  temperature  coefficient  of  the 
ii^ilcrial.  In  this  example,  r, -.144  ohm,  /  =  87  -  4i  = 
111  degrees  Fahrenheit,  and  i  =  . 003155,  from  Table  1. 
Hence, 

.144  .144 


I 
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(50)  First  reduce  the  specific^resistance  in  microhms  to 

the  resistance  in  ohms  by  dividing  by  1,000,000,  Art.  44, 

3  565 
which  gives        '*     -—  =  .000003565  ohm;  or,  in  other  words, 

the  resistance  of  a  block  of  platinum  one  inch  long,  and 
whose  sectional  area  is  one  square  inch,  is  .000003565  ohm. 
Next,  from  this  resistance  and  length,  calculate  the  resist- 
ance of  126  feet  of  platinum  with  a  sectional  area  of  1  sq.  in., 

r    I 
by  using  formula  1 ,  r,  =  -V-',  where  r,  is  the  original  resist- 

ance  of  a  conductor,  r,  is  the  resistance  after  its  length  has 
been  changed,  /,  is  the  original  length  of  the  conductor,  and 
/,  is  its  changed  length.  In  this  example,  r,  =  .000003565 
ohm,  /,  =  1  inch,  and  /,  =  126  X  12  =  1,512  inches.      Hence, 

r.  =  V  =  ''^^^^i^^'  =  .00639028  ohm ; 

^I  1 

that  is,  the  resistance  of  126  feet  of  platinum  having  a 
sectional  area  of  1  sq.  in.  is  .00539  ohm,  nearly.  From  this 
result  calculate  the  resistance  of  126  feet  of  platinum  when 
its  sectional  area  =  .1*  x  .7854  =  .007854  sq.    in.,  by  using 

T    (I 

formula  2,  /',  =  -'  -,  where  r,  is  the  original  resistance  of 

a, 

a  conductor,  r,  is  the  resistance  after  its  sectional  area  is 

changed,    a^    is    its   original   sectional    area,    and   a^    is  its 

changed  sectional  area.     At  this  stage  of  the  example,  r,  = 

.005:39    ohm,    ^,  =  1  sq.  in.,    a,  =  .007854   sq.    in.       Hence, 

.00539  X  1         ,.^^    ,  . 

^»  =  -Aio78:5r  =  -^^''^^"^-  ^"^- 

(51)  From    Art.    53,  the  fundamental  equation  of  the 
Wheatstone    bridge    is    X  =  'tt  X  P,  where  X  is  the  un- 

iV 

known  resistance,  J/  is  the  resistance  of  the  upper  bal- 
ance arm,  N  is  the  resistance  of  the  lower  balance  arm,  and 
/*  is  the  resistance  of  the  adjustable  arm;  It  "will  be  seen 
from  the  connections  of  the  battery  and  galvanometer 
circuits  in  the  diagram  that  the  coils  lying  between  c  and  a 
form   the  upper  balance  arm  of  the  bridge,  and  hence,  in 


|2g 
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lis  example,  J/=  1  ohm;  the  coils  between  a  and  (/  form 
i  lower  balance  arm,  and  hence  aV=  100  nhms;  the  coils 

Jtwecn  (/  and  d  form  the  adjustable  arm,  and  hence  /'  = 
0  +  2tX)+2O-i- 3-^-  1  =  723    ohms.       Substituting    these 

Uucs  in  the  fundamental  equation  gives 


X  7aa  =  7.23  ohm 


Ans. 


(52)     By  formula  6,  C"=  -^,  where  C  is  the  current  in 

amperes  flowing  in  a  closed  circuit,  E  is  the  total  E,  M.  F. 
in  volts  developed  in  the  circuit,  and  K  is  the  total  resist- 
anee  in  ohms  of  the  circuit.  In  this  example,  £"  =  30  volts 
and  /^  =  24  4-18  =  43  ohms;  since,  Art.  60,  the  total  re- 
sistance of  a  closed  circuit  is  the  sum  of  the  internal  and 


—external  resistances.      Hence,  C  =  -77  =  7 


(S3) 


.8571  ampere. 

Ans. 

s    the  total  re- 


By  formula  7, 

sistance  in  ohms  of  a  closed  circuit,  £  is  the  total  E.  M.  P. 
in  volts  developed  in  the  circuit,  and  C  is  the  current  in 

E'""'>eres  flowing  through  the  circuit.     In  thisexample,  E  = 
F      I'l  C 
volts    and    r=2.7    amperes;    hence.    A'=;^=:^  = 
u 
I 


I  ohms.     Ans. 


|(54)     By     formula     8,     E  =  C  R,     where 

Ral  E.  M.  F.  in  volts  developed  in  a  closed 

the  current  in  amperes  flowing  through  the  cii 

is  the  total  resistance  of  the  circuit.     In  this  ej 


E     is     the 

■ircuit,  C  is 

cuit,  and  A" 

,ple.  C  = 


.8  ampere  and  A  =  31.5  +  U  =  43.5  ohms,  since.  Art.  OO, 
the  total  resistance  of  a  closed  circuit  is  the  sum  of  the 
internal  and  external  resistances.  Therefore,  £"=  (T^  = 
.8  X  42.fl  =  34  volts.     Ans. 

(55)  By  Art.  64  and  formula  8,  E'  =  CK',  where  E'  is 
the  difference  of  potential  in  volts  between  two  points  in  a 
ircuil.  C  the  current  in  amperes  flowing  through  the 
,  and   A"   tho   resistance  of  the  circuit  between  the 
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two  points.  In  this  example,  C=  .12  ampere  and  R'  =  204 
ohms;  hence,  E'  =  C R'  =  .12  X  204  ==  24.48  volts.     Ans. 

E' 
(56)     (a)  By  Art.  64  and  formula  7,  -^'  =  -^r,  where  R  is 

the  total  resistance  in  ohms  between  two  points  in  a  circuit, 

E'  the  drop,  or  loss,  of  potential  in  volts  between  the  two 

points,  and   C    the    current    in  amperes    flowing    in    the 

circuit.      In  this  example,  the  two  conductors  leading  to 

and  from  the  receptive  device  can  be  considered  as  in  series, 

forming  one  single  conductor  1,200  feet  in  length,  in  which 

the  drop,  or  loss,  of  potential  is  10^  of  250  volts,  or  .10  X  250 

=  25  volts ;   that  is,  E'  =  25  volts.     Since  C  =  80  amperes, 

E'      25 
then  R'  =z  -^z=  ---  =  .3125  ohm ;  or,  in  other  words,  the  sum 

C         oO 

of  the  resistances  of  two  conductors  which  transmit  a  cur- 
rent of  80  amperes  to  and  from  the  receptive  device  with  a 
loss  of  25  volts  is  .3125  ohm.     Ans. 

{d)  The  resistance  per  foot  of  any  conductor  is  found  by 
dividing  its  total  resistance  by  its  length  in  feet.  Assume 
the  two  conductors  leading  to  and  from  the  receptive  device 
to  be  one  single  conductor  1,200  feet  in  length  and  offering 
a  resistance  of  .3125  ohm;   hence,  its  resistance  per  foot  is 

.3125 


1,200 


=  .0002G  ohm.     Ans. 


(57)     By  formula  6,   ^=  "d**  where    C  is  the  current 

in  amperes  flowing  in  a  closed  circuit,  E  is  the  total 
E.  M.  F.  in  volts  developed  in  the  circuit,  and  R  is  the 
total  resistance  in  ohms  of  the  circuit.  In  this  example, 
/:  =  24  volts  and  /^  =  8.1  +  15.9  =  24  ohms,  since,  Art.  60, 
the  total  resistance  of  a  closed  circuit  is  the  sum  of  the 
internal  and  external  resistances.     Hence, 

r       ^^      24       . 

L  —  J.  —  --  —  1  ampere. 

By  formula  9,  E'  =  7:  —  Cr^,  where  -£'  is  the  available, 
or  external,  E.  M.  F.  in  volts  of  a  battery  or  other  electric 
source  in  a  closed  circuit,  h   is  the  total   E.  M.  F.  in  volts 


i 
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developed  in  the  source,  C  is  the  current  in  amperes  flowing 
through  the  circuit,  and  r,  is  the  internal  resistance  of  the 
battery  or  electric  source.  In  this  example,  £  =  24  volts, 
C  =\  ampere,  and  r,  =  8. 1  ohms.     Hence,  E'  =  E  —  Cr,  = 

HU—  (S-1  X  1)  =  15.0  volts.     Ans. 

^H    (58)     Let  A  represent  the  first  branch  and  B  the  second; 

"^hen,  r,  =  1.2  ohms,  r,  =  2.2  ohms,  and  C=  45  amperes. 
The  current  c,  in  branch /I  will  then   be  found  by  substi- 
tuting these  values  in  formula  lO,  which  gives 

Since  the   sum  of   the   currents  in  the  two  branches  is 

45  amperes,  the  current  in  branch  B  is,  therefore,  the  differ- 
ence between  45  amperes  and    the   current  in  branch  A,  or 

46  —  29. 1176  =  15.8824  amperes.     Ans. 

(59)  By  formula   1 2,  the  joint  resistance  of  two  con- 
ductors  connected   in   parallel  is  equal  to  the  product  of 

their  separate  resistances  divided  by  their  sum,  or — '-—^, 

where  r,  and  r,  are  the  separate  resistances  of  the  two 
branches.     In  this  example,  r,  =  45  ohms  and  r,  =  63  ohms, 

Hence,      ■  ■  =  26.25  ohms,  the  joint  resistance  of  the 

two  conductors  connected  in  parallel, 

(60)  From    Art.     72,    the    joint    resistance  of  three 
conductors  connected  in  parallel  is  given  by  formula  13, 

A""  =  ,   '  -—-. ,  where  r,,  r,.  and  r,  are  the  separate 

resistances  of  the  three  conductors.  In  this  example,  let 
r,  =  4U  ohms,  r,  =  810  ohms,  and  r,  =  1,206  ohms.  Then, 
the  joint  resistance  of  the  three  conductors  A,  B,  and  C 
when  connected  in  parallel  is 

r.  r.  r, 414  X  810  X  1.206 _ 

r,r, +  »",»•,  4- r,r,  "810X1.306 -I- 414x1, 200+ 414  X  810 
404.420.040  404,420,040 


976.860-1-499,384-1-335,340         1,811,484 


=  333.2534  ohms. 
Ans. 


h* 


)YNAMOS  AND  MOTORS. 

(PART    2.) 


fl)     By  formula    1,  E  = 


10' 


im 


=  6,2fiU,O00  lines  of  force,  ^  = 
ss  in  series,  for  if  300  turns  were  \ 
there  would  be  2()0  outside,  or  face, 
23,  one-tialf  would  be  connected  ii 
revolutions  per  second.  Substituting  these  values  in  above 
NSn  _  a  X  6,250,000  X  100  X  1.200  _ 
10*     ~  100,000,000  X  60  ~ 

volis.     Ans. 


In    this    example, 

tside,  or  face, 
und  around  the  core, 
■ires,  and,  Irum  Art. 
series,  and  n  ^  >W 


formula  gives  £  = 

MU  V 

^■2)  Prom  Art.  36*  tt  will  be  seen  that  the  current 
B'^c  shunt  field  of  a  dynamo  is  equal  to  the  difference 
of  potential  between  the  brushes  divided  by  the  resistance 


In  this  e 


;.£.= 


^  =.5 


440 


of  the  shunt-field  circuit,  or  C",  = 

220   volts    and    .ff.  ^  440  ohms;    hence,   f.  = 

ampere.     Ans. 

Bfe^)     See  Arts,  13  and  14. 

^H)t)  In  Art.  1,  it  is  stated  that  a  current  will  be  induced 
IB  a  closed  coil  or  circuit  when  there  is  a  change  in  the  num- 
ber of  lines  of  force  passing  through  that  coit  or  circuit. 
In  this  case,  as  the  magnetic  field  is  uniform,  there  is  no 
change  in  the  number  of  lines  of  force  passing  through 
Lhe  coil  C  when  it  is  moved  from  its  original  position  to  the 
ftition  C,  as  shown  by  the  dotted  outlines;  and,  hence,  no 
rent  will  flow  around  the  ring, 
§29 
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(5)  In  order  to  determine  the  result  in  watts,  it  is  neces- 
sary to  reduce  all  quantities  to  the  same  units;  hence,  the 
first  operation  is  to  reduce  the  input  from  horsepower  to 
watts.  From  Art.  81,  Part  1,  one  horsepower  is  equiva- 
lent to  746  watts;  therefore,  the  input  =  18  X  746  =  13.428 
watts.     Then,  by  formula  6,  the  output 

O  =  =  11,816.64  watts.     Ans. 

(6)  In  this  example,  it  is  first  necessary  to  deter- 
mine the  input    in  watts.      By  formula  4,  the  input  /  = 

100  X  17,600  „,,  ^^^  .  ,.  A  .  ^^  • 
Q7-T-^ =  20,000  watts.     Accordmg  to  Art.   64,  it 

will  be  seen  that  the  watts  lost  in  the  field  coils  are  equal  to 
the  input  in  watts  multiplied  by  the  per  cent,  loss  and  divided 

K    -t/^A     Tj            ♦u    1            20,000X2.6       _^       ^^         . 
by  100.    Hence,  the  loss  =  —  =  620  watts.     Ans. 

F 

(7)  In   Art.    67,    C,  =  — ^.      In    this    example,    £«  = 

'% 

iyY  =  2  amperes.  By  formula  19,  Part  1,  the  watts  lost 
in  the  shunt  circuit  are  equal  to  the  difference  of  potential 
between  the  terminals  of  that  circuit  multiplied  by  the  cur- 
rent in  amperes  flowing  through  the  circuit;  or,  W -=•  E  X  C. 
Substituting,  we  have  IV  =  110  X  2  =  220  watts.     Ans. 

(8)  See  Arts.  14  and  19. 

(9)  From  Ohm's  law,  the  resistance  of  the  field  circuit 
is  equal  to  the  difference  of  potential  between  the  brushes 
divided  by  the  current  in  the  field  circuit.  Let  E^  be  the 
difference  of  potential  between  the  brushes  of  the  dynamo, 
C^  be  the  strength  of  current  when  the  resistance  is  all  in  cir- 
cuit, and  C\  be  the  strength  of  current  when  the  resistance 
is  cut  out,  or  short-circuited.  If  r,  represents  the  resistance 
of  the  field  circuit,  including  that  of  the  rheostat,  then  r,  = 

-p  z^ '-\- =  "lAi)  ohms;  and  if   r,  represents  the    resistance 

C  .  X.  0 


;  been  cut  out,  or  short-circuited,  then  r 


the   field   circuit   when   the   resistance  of  the  rheostat 
.£,  _  360  _ 
~T,~  1.8  ~ 

0  ohms.     Hence,  the  amount  of  resistance  which  was  cut 

,  or  short-circuited,  in  the  rheostat  is  the  difference  be- 

Ween  these  two  resistances,  or  240  —  200  =  40  ohms.     Ans. 


(10)     Use   formula   4.     In    this   example,  the   input  = 
100  X  65.000  _ 
90. 5 

71  823  2044 
«quals  746  watts,  then  71,823.2044  watts  equal-  ' 


=  71,823.2044    watts.      Since    one    horsepower 


746 


B.2778  horsepower,     Ans. 


(11)     If  the  current  circulates  in  the  direction  indicated 

f  the  arrow-heads,  neither  pole-piece  will  be  a  north  pole; 

,  by  applying  the  rule  given  in  Art.  29,  Part  1,  it  will 

ft  seen  that  the  north  pole  of  one  field  coil  is  opposite  the 

ioutb  pole  of  the  other,   and  the  lines  of  force  circulate 

iaround  the  magnets  without  passing  through  the  armature. 

If  the  winding  of  the  right-hand  coil  were  reversed,  its  top 

would  be  a  north   pole,  and  the  top  of  the  left-hand  coil 

being  also  north,  the  pole-piece  P  would  become  a  north 

tnsequent  pole, 
ei 


(12)     See  Arts.  19  and  21. 


I  (13)  In  this  example,  it  is  first  necessary  to  change 
be  input  from  horsepower  to  watts.  Since  one  horsepower 
I  equivalent  to  74G  watts,  then  10  horsepower  is  equiva- 
lent to  10  X  746  =  7,460  watts.     Then,  by   formula  2,  the 


efficiency  E  = 


C.341  X  100 

7,460 


85  per  cent.     Ans. 


(14)     From  b  to  a  through  the  conductor ;  for,  by  apply- 
ing  the  thumb-and-finger  rule  given  in  Art.  8,  it  will  be 
Kn  that  the  middle  finger  points  towards  a  from  b. 

1(15)     In  this  example,  it  is  first  necessary  to  find  the 
■put   in  watts.     The  output  =  11. !)00  watts  and   the   per 
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cent,   efficiency  =  85.     Then,   by  formula  4,  the   input  = 

100  X  11,900  ^  ^^^^^    ^^^^^       According    to    Art.    64, 

85 
the    watts    lost    are    found     by    multiplying    the     input 
by    the    per    cent,     loss    and    dividing    by    100.       Hence, 

14,000X1.8       «i,«       ..    1     .  •  u      ^^  *         ^ 

— '- =  252  watts  lost  in  core  by  eddy  currents  and 

100  ^         ^ 

hysteresis.     Ans. 

(16)  {a)  See  Art.  28. 
{d)  See  Art.  26. 

(17)  According  to  Art.  70  and  formula  20,  Part  1, 
JVi  =C* Tf,  In  this  example  C=120  amperes  and  r,  = 
.040  ohm;  hence,  11]  =  120'  X  .040  =  576  watts.     Ans. 

(18)  From  example  17,  the  normal  output  from  the 
dynamo  is  120  amperes  at  125  volts,  or  120  X  125  =  15,000 
watts.  The  next  step  is  to  determine  the  input  at  this  out- 
put when  the  efficiency  is  75j^.     By  formula  4,  the  input  in 

,,.  .      100   X      15,000  ^^r...^  _  TT,  I 

this  case  is — =  20,000   watts.       From    example 

17,  there  are  570  watts  lost  in  the  armature  due  to  its  resist- 
ance, and,  from  Art.  72,  the  loss  in  the  armature  due  to  its 

resistance  is  - — — -— - — -  =  2.885^.     Ans. 

20, 000 

(19)  {(i)  and  (/;)  See  Art.  77. 

(20)  Under  **  Field  Losses,"  in  Art.  66,  the  watts  lost  in 
the  series  coils  are  found  by  using  formula  20,  Part  1,  where 
IV  =  C*  R.  In  this  example,  ^  =  40  amperes  and  R  =  .04 
ohm;  hence,  jr=4()'  X  .04  =  40  X  40  X  .04  =  04  watts,  which 
represents  the  loss  in  the  series  coils.     The  watts  lost  in  the 

shunt  coil  are  given  by  formula  21,  Part  1,  where  W=  -77 

A 

In  this  case,  E  —  550  volts  and  A*  =  550  ohms;    hence,  W  = 

y/3       550  X  550 

-k'  =  — — =  550  watts,  which  is  the  loss  in  the  shunt 

field.     The  total  loss  in  the  fields  of  a  compound  dynamo  is 
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etjLial  to  the  sum  of  the  losses  in  the  series  and  shunt  coils. 
:nce,  the  total  loss  in  this  case  is  04  -1-  550=611  watts.  Ans. 


i 


i(21)  P'  is  the  south  consequent  pole  of  the  field,  since, 
■om  the  rule  in  Art.  29,  Part  1,  in  looking  through  the 
coils  c  and  d  from  a  position  near  P\  the  current  is  circula- 
ting around  the  field  cores  in  the  same  direction  as  the 
moueraents  of  the  hands  of  a  watch ;  while,  on  the  contrary, 
in  looking  through  the  coils  a  and  b  from  a  position  near 
P,  the  current  is  circulating  around  the  upper  field  cores  in  a 

rrection  opposite  to  the  movements  of  the  hands  of  a  watch. 
(22)  See  Art.  29. 
(23)  From  Art.  64,  the  total  loss  in  a  dynamo  is  the 
sum  of  the  separate  losses;  hence,  in  this  example,  the  total 
loss  in  watts  is  35fi  +  178  +  203  +  433  +  50  =  1,270  watts. 
From  Art.  59,  the  input  to  the  dynamo  in  this  case  is 
15,000+  1.270  =  lij,27i>  watts.  By  formula  2,  the  efficiency 
__  15,000  X  100  _ 


10,270 


-  flS-lfl-ia;*  at  this  output.     Ans. 


I 


(24)  (n)  From  example  2.3,  the  loss  in  mechanical  friction 
is  350  watts,  and  the  input  is  16.-^70  watts;  hence  (see  Art. 

72),  the  per  cent,  loss  is  ^-^^'  =  2.1881;*.      Ans. 

(i)  From  example  'li,  the  loss  in  the  core  by  eddy  cur- 
rents and  hysteresis  is  178  watts,  and  the  input  is  16,270 
watts;  hence  (see  Art.  72),  the  per  cent,  loss  is 

178x100       ,  „„,  .        . 
-j^^2^=  1.094^.      Ans. 

(^)  From  example  23,  the  loss  in  the  field  coils  is  2fi3  watts, 
and  the  input  is  10,270  watts;  hence,  the  per  cent,  loss  is 
203  X  100  _  ,  „,„..        .^ 

fiji)  From  example  23,. the  loss  in  the  armature  ((TV)  = 
watts,    and  the    input   is    10,270  watts;  hence,   the  per 
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{e)  From  example  23,  the  sum  of  the  separate  losses  is  1,270 
watts,  and  this  is  the  difference  between  the  input  and  the 
output ;  the  input  is  16,270  watts.     Hence,  by  formula  3,  the 

total  per  cent,  loss  L  =  —  * —  =  7.8058j^.     Ans. 

(25)  From  Art.  22,  it  will  be  seen  that  the  electro- 
motive force  generated  in  an  armature  is  proportional 
to  the  speed,  other  conditions  and  quantities  remaining 
unchanged.  Hence,  in  this  example,  if  £  represents  the 
electromotive  force  which  is  generated  when  the  armature 
is  driven  at  1,400  revolutions  per  minute,  then,  by  propor- 
tion, 440  :  jE"  =  1,200  :  1,400,  or  £  X  1,200  =  440  X  1,400; 

^,        .          j^       UOX  1,400       _,.,       .^         . 
therefore,  £  = ' =  513J  volts.     Ans. 

(26)  See  Art.  73  and  those  following. 

(27)  In  Art.  6,  under  **  Mutual  Induction,**  it  is  stated 
that  when  the  current  in  the  primary  circuit  tends  to 
increase  in  strength,  the  induced  current  in  the  secondary 
coil  will  tend  to  circulate  around  the  core  which  forms  the 
magnetic  circuit  of  both  coils,  in  the  opposite  direction  to 
that  of  the  current  in  the  primary  circuit.  In  this  case,  the 
current  in  the  primary  circuit  flows  from  the  positive  ter- 
minal ;/  of  the  battery  when  the  circuit  is  closed,  around  the 
coil  to  the  negative  terminal  ;;/;  or,  in  other  words,  the 
current  circulates  around  the  core  in  an  opposite  direction 
to  the  movements  of  the  hands  of  a  watch,  as  viewed  by  a 
person  looking  through  the  coil  from  a  position  near  C. 
Consequently,  the  momentary  current  induced  in  the  sec- 
ondary coil  5  would  tend  to  circulate  around  the  core  in 
the  reverse  direction,  that  is,  in  the  same  direction  as  the 
movements  of  the  hands  of  a  watch.  The  direction  of  the 
current  in  the  secondary  circuit  would,  therefore,  be  from 
the  terminal  x  through  th^  coil  to  j,  and  then  through  the 
resistance  R  to  x  again. 

(28)  In  Art.  6,  under  **  Mutual  Induction,"  it  is  sUted 
that  when  the  strength  of  the  current  in  the  primary  circuit 


i 
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iddenly  decreases,  the  momentary  current  induced  in  the 
secondary  coil  will  circulate  around  the  core  which  forms 
the  magnetic  circuit  of  both  coils  in  the  same  direction 
Itj  that  of  the  current  in  the  primary  coil.  In  this  case, 
when  the  strength  of  the  current  in  the  primary  circuit 
suddenly  decreases,  it  continues  to  flow  in  the  same  direction 
as  in  example  37,  that  is,  from  the  terminal  «  through  the 
primary  coil  Pto  m,  and  completing  the  circuit  to  h  through 
the  battery  B.  Consequently,  the  current  in  the  secondary 
coil  S  circulates  around  the  core  in  the  same  direction,  that 
is,  from/  through  the  secondary  coil  i'  to  .r,  completing  the 
circuit  to_;'  again  through  the  resistance  R. 

(29)     See  Arts.  78  and  79. 


(30)  Yes;  because  (Art.  1)  a  change  taKCs  place  in 
le  number  of  lines  which  pass  through  the  coil.  Prom  the 
rule  given  in  Art.  7,  it  will  be  seen  that  the  current  will 
circulate  around  the  ring  in  the  same  direction  as  the  move- 
ments of  the  hands  of  a  watch;  for  the  effect  of  the  motion 
is  to  diminish  the  number  of  lines  of  force  which  pass 
through  the  coil,  and  the  observer  is  looking  along  the  mag- 
^n.etic  field  in  the  direction  of  the  lines  of  force. 
^B(31)     See  An.  42. 

^■(32)  From  Art.  11,  it  will  be  seen  that  the  ra/f  of 
en/tin^  Unes  oi  force  is  found  by  dividing  the  number  cut 
by  the  time  required  to  cut  them;    hence,  in  this  case,  the 


.25 
second. 

(33)  Because  the  solid  iron  core  would  act  as  a  large 
conductor  cutting  lines  of  force  at  an  angle,  and  thereby 
producing  /oca/,  or  ci/dy,  currents  in  the  core,  heating  it 
tadly,  and  uselessly  dissipating  a  large  amount  of  energy. 
(Art.  16.) 

(34)  By  formula  I,  E  =  '^  'j  "^  ".  In  this  example,  if 
150  complete  turns  of  wire  are  wound  upon  the  drum  core, 


k 
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there  will  be  300  outside,  or  face,  wires,  and  one-half 
of  these  will  be  connected  in  series,  as  explained  in  Art. 
21;  then,  S=  150  outside  wires  connected  in  series,  A^  = 
2,500,000  lines  of   force,  and  ;/  =  i^^^.     Hence, 

^       2NSn      2X2,500,000X150X1,020      ,«^  ^       ,,       . 

^  =  — 7777—  = \^^  \r^r.  ^r^^ TT^T =127.5  volts.  Ans. 

10*  100,000,000  X  60 

(36)  From  Art.  22,  it  will  be  seen  that  the  electro- 
motive force  generated  in  an  armature  is  proportional  to 
the  number  of  lines  of  force  passing  through  the  core.  Let 
E  represent  the  electromotive  force  which  is  generated 
when  1,250,000  lines  of  force  are  passing  through  the  core; 
then,    by  proportion,  200  :  ^=  750,000  :  1,250,000,  or  £  x 

200  V 1  250  000 

750,000  =  200  X  1,250,000;  therefore,  E  =  - — ]:    '  /uvn        = 

333J  volts.     Ans. 

(36)  (a)  See  Art.  66. 
(d)  See  Art.  70. 
(c)  See  Art.  66. 

(37)  Towards  the  side  a;  for  by  applying  the  thumb- 
and-finger  rule  given  in  Art.  26,  and  making  the  forefinger 
point  in  the  direction  of  the  lines  of  force  and  the  middle 
finger  in  the  direction  of  the  current,  the  thumb  will  point 
towards  the  side  a, 

(38)  Use  the  formula  given  under  **  Field  Losses"  in 

E 
Art.  67,  C-  =  — ^.  which   is   a    modification    of    formula  6, 

Part  1.     In  this  example,  E^  =  525  volts  and  r,  =  650  ohms; 

E        525 
hence,    T  =     -  =  '-—^  =  .8076  ampere.     Ans. 
*      "        r,       650  ^ 

(39)  The  increase  in  voltage  from  no  load  to  full  load 

is  124.2  —  115  =  9.2  volts,   which   is    '  —  =  S^  of   the 

Ho 

normal  voltage.     Therefore,  the  over-compounding  is  S^. 

Ans. 
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(40)  See  Art.  20. 

(41)  Firsl  oliange  the  input  from  horsepower  to  watts, 
^nce  1  horsepower  is  equivalent  to  74(i  watts.  44  horae- 
K>wer  is  equivalent  to  44  X  746  =  33,824  watts.  By  for- 
iDiiIa  2»  the  efficiency 

_        100X29,820       „„„,„,.       . 
^^        3-Z,mi       =  "0-8^8'^-     Ans. 

(42)  111  this  example,  the  input  /=  20,000  watts  and 
E  output  0  =  17,500  watts.     Then,  by  formula  3,  the  per 

t.  loss  Z='«"<'y^'-"'jga=  13.5^.     A„s. 

I  (43)     In  this  example,  the  output  is  12,500  watts   and 
Be  efficiency  is  'Jii.5^.     Consequently,  by  formula  4,  the 

Input  /  =  H'^i|l^=  13,513.5135  watts.      Reducingthis 

input  from  watts  to  horsepower  gives 

^  13,513.5135       ,„,,,„, 

^L  — — sjT^ =  18.1146  horsepower.     Ans. 

H  (44)     See  Art.  73. 

^H  (45)     In  this  example,  it  is  lirst  necessary  to  change  the 
^^pput  from  horsepower  to  watts.      Since  one  horsepower  is 
^^K|uivalent   to   746   watts,  fifty-five   horsepower   is  equiva- 
lent to  as  X  74ti  =  41,030  watts.     The  output  of  the  dynamo, 

by  formula  5,  =  *^'°^|qo  ^^'^  =  36,311.55  watts.     Ans. 

(4B)     In  the  same  manner  as  shown  in   Art.  64,  it  will 

be  seen  that  the  loss  in   watts  in  the  field  coils  is  equal  to 

ihe  input  multiplied   by  the  per  cent,  loss  and  divided  by 

100.     In   this  example,  it   is  first   necessary  to  change  the 

input  from  horsepower  to  watts.      Since  one  horsepower  is 

equivalent  to  746  watts,  forty-five  horsepower  is  equivalent 

to  45  X  746  =  33,570  watts.     Consequently,  the  loss  in  the 

_  , .       ...    33,570  X  2       „,,   ,       ..         , 
field  coils  IS  - — ---T- — -  =  (]71.4  watts.     Ans. 

^■(47)     See  Arts.  34,  36,  and  39. 
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(48)  From  Art.  72,  the  per  cent,  loss  in  tfte  core  is 

found  by  dividing  the  watts  lost  in  the  core  by  the  input 

and  multiplying  by  100.     Reducing  64  horsepower  to  watts 

gives  64  X  746  =  47,744  watts.     Consequently,  the  loss  in 

,,  .   800  X  100      ^  ^„^^.       . 

the  core  is  — rs-T^rrr-  =  1.6756^.     Ans. 

47,744  ^ 

(49)  See  Art.  76. 
(60)     See  Art.  43. 
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(1 

(2 
(3 
(4 
(5 
(6 
(7 
(8 


{a)  and  (d)  See  Art.  40. 

See  Art.  64. 

See  Art.  94. 

Drum.     See  Art.  27. 

See  Art.  1 . 

See  Art.  37. 

See  Art.  31. 

^_,  An  open  circuit  in  the  armature  winding,  probably 
in  the  lead  to  the  burned  commutator  segment.  See  Art. 
97. 

(9)  {a)  See  Art.  67. 
(d)   See  Art.  66. 

(10)  {a)  and  {d)  See  Art.  24. 

(11)  See  Art.  21. 

(12)  See  Art.  36. 

(13)  {a)  The  length  of  the  arm  of  the  brake  being 
86  inches,  or  3  feet,  the  torque  of  the  motor  is  27  X  3  =  81 
foot-pounds  (Arts.  62  and  63).  The  revolutions  per  min- 
ute being  900,  the  H.  P.  output  of  the  motor  is,  from  for- 
mula 3, 

i;,  _       2X3.1416^5     6.2832X81X900      ,o  uq  u   d      a 
^'^■=         33,000       = 33;000 =  1^.88  H.  P.    Ans. 

§30 
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(d)  To  find  the  efficiency,  it  is  first  necessary  to  find 
the  input  and  reduce  the  input  and  the  output  to  the 
same  units  (Art.  63)-  In  this  case,  the  input  is  35  x  480  = 
I'i.OOn  watts.  Reducing  13.88  H.  P.  to  watts,  13.88  X  74«  = 
10,;J54  watts.  Then,  by  formula  2,  Part  2,  the  efficiency 
100  X  10,354  _ 


E=- 


12,000 


=  86.3^.     Aqs. 


(14)     See  Art.  68. 

(16)     {a)  and  {!>)  See  Art.  99. 


(16)  The  connections  would  be  about  as  shown  in  Fig.  1, 
in  which  F  is  the  field 
circuit,  B,  5,  the 
brushes  of  the  motor, 
R  the  starting  resist- 
ance, R.  S.  the  revers- 
ing-switch,  P.  B.  the 
fuse  boxes,  and  5  the 
main  switch. 

(17)      By     varying 
r  the  strength  of  the  field.     Art.  67. 


the  applied  E,  it.  F. 
(18)     S,.-c  Art.  39. 


(!9)  Ileeause  Uie  self-indiiction  of  the  coil  having  the 
luhscr  E.  M.  F.  prevents  the  flow  of  current.     Art.  14. 

(20)  Circuit  No.  ^  (Fig.  48,  Art.  IIS)  would  first  be 
short-cireuitwl  liy  plugging  in  a  cable  from  terminal —3  to 
lerniiiial  —.J.  The  cable  from  terminal  —5  to  terminal  -|-J 
may  now  l)u  removed  from  terminal  +4  and  connected  to 
ttrminal  +/,  and  a  cable  plugged  in  from  terminal  — /  to 
terminal  —71.  Then,  by  pulling  out  the  cable  from  terminal 
—■S  t"  terminal  —J,  circuit  No.  1  is  connected  in  series  with 
circuit  Nci,  ,J,  im  dynamo  A',  as  required.  The  cable  from 
terminal  — .}  to  terminal  — />'  should  be  removed  to  make 
circuit  N...  4  "dead." 
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(21)  (a)  See  Art.  103. 

(*)  See  Arts.  92  and  93. 

(22)  (a)  See  Art.  3. 
(6)  See  Art.  6. 

(23)  (a)  29  amperes  flowing  out. 
(*)  See  Art.  36. 

(24)  See  Art.  69. 

(26)  The  input  to  the  motor  being  33  X  230  =  7,590 
watts,  and  the  efficiency  being  85^,  the  output,  by  formula  6, 

Part  2,  is  — — — =  0,451.5  watts.      This  is  equal  to 

6  451  5 

','    =  8.65    H.  P.      The  arm  of  the  brake  being  2  feet 
746  ^ 

long  and  the  pressure  on  the  scale  platform  being  20  lb.,  the 

torque  of  the  motor  must  be  40  foot-pounds  =  T,    Knowing 

the  H.  P.  and  the  torque,   the  speed  may  be  found  from 

formula   4,   5  =  K-^-ir-r-rrTr-^-      Substituting    the    above 
'  2  X  3.1416  r  ^ 

values  for  H.  P.  and  T, 

e        33,000x8.65         285,450       ,  ,^,  .  . 

•^  =  2  X  3.1416  STTO  =  251:328  =  ^''^^  ^"^-  ^^'  "^^"^     ^"^- 

(26)  The  frequency  is  equal  to  the  number  of  revo- 
lutions per  second  multiplied  by  the  number  of  pairs  of 
poles  (Art  26).  In  this  case,  m^  X  V  =  126  cycles  per 
second.     Ans. 

(27)  {a)  and  {6)  See  Art.  118. 

(28)  See  Art.  68. 

(29)  See  Art.  78. 

(30)  See  Art.  lOl. 

(31)  {a)  See  Art.  32. 
(*)  See  Art.  31. 


Vj:  Xr  A.  2d  ir.ti 


^^  r-  * 


'345  ??f*,»^  Ar:.  17  ir^ii  Jisj.  •». 

.»|.  ^tti*  Art.  MU 

(37)  ^•^.'t  An.  12-1. 

i:$S)  ri'^'^  Art.  ^lO- 

(311;  Ti^,it  Art,  12. 

^  Ml >  55e»5  Ar-.  1 27. 

Ul;  S-e  Art.  90. 

^42;  S^"^  Art.  55. 

(t:i)  S^^  Art.  io«. 

ri4;  S':^  Art.  109. 

(  15)  S^^  Art.  «5. 

r  4«>  S^:e  Art.  1 28. 

M7)  S^:c  Art.  23. 

f  IH)  S^:^;  Art.  41. 

(I»;  S/:':  Art.  131. 

(50;  Wh^m  in  the  [K>sition  of  least  action,  a  coil  i> 
rnorri'rntarily  <lisr:onne(:tcd  from  the  external  circuit,  then 
in  thrown  in  parallel  with  the  coil  ahead  of  it.  then  in  series 
with  the  r/ther  two  f:oils  which  are  then  in  parallel,  then  in 
parallel  with  th<:  coil  behind  it,  and  then  disconnected  from 
the  cireiiit  aj^ain.     See  Art    20,  also  Fig.  7. 

(51)  Ui)   See   Art.    68. 

(/;)   See  Arts.  80  and  84. 

125 

(52)  ('0  ^>f  th(!  T)  ami)eres  input,  by  Ohm's  law,  7^-=  = 

ti  anij»eres  ^o  to  the  Held,  the  loss  being,  therefore,  2  X 
|'»:i  *>:i()  waits  Thr.  rest,  or  :3  X  125  =  375  watts,  make 
up  the  f  rid  ion  and   core  loss(;s  of  the  machine  (Art.  65). 
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When  taking  an  input  of  77  amperes  at  125  volts,  ur 
9.025  watts,  there  would  still  be  required  250  watts  for 
the  field  and  375  watts  for  the  core  losses  and  friction.  Of 
the  77  amperes,  75  flow  through  the  armature,  and  as  this 
has  a  resistance  of  .04  ohm,  the  armature  6 '  r  would  be 
75'  X  .04  =  225  watts.  The  tota!  losses  would  then  be 
850  -|-  375  +  225  =  850  watts,  and  the  output  would,  therefore, 

:  9,625  -850  =  8.776  watts,  or  Vj¥  =  HTU  H.  P.     Ans. 

(b)  The  output  being  «,775  waits  and  the  input  9,G25, 
100  X  8,775  _ 


9,(;25 


91.17 


I 


the  efficiency  is,  by  formula  2,  Pari  2, 
per  cent.     Ans. 

{53)     See  Art.  104. 

(54)  (<»)  and  (6)  See  Art.  26. 

(55)  See  Art.  lO. 

(56)  See  Art,  54, 

(57)  (rt)  and  {d)  See  Art.  121  and  Figs.  51  and  52. 

(58)  From  Art.  78,  the  speed  of  the  field  would  be  V 
14-4  revolutions  per  second,  or  14.4  x  (iO  =  8C4  revolutions 
per  minute.  With  'i.5f  slip,  the  speed  of  the  armature 
would  be  804  —  {864  x  .025)  =  Si'ZA  revolutions  per  minute. 
Ans. 

{5»)     See  Art.  92. 

(60)  {a)  See  Art.  52. 
(*)  and  {e)  See  An.  53. 

(61)  When  the  whole  of  the  coil  i 
pole-piece.     See  Art,  111, 

(62)  See  Art.  73. 

(63)  See  Art.  26. 

(64)  See  Art.  130. 

(65)  See  Art.  59. 

(66)  See  Art.  94. 


directly  under  one 
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(67) 


(68 
(69 

(70 
(71 
(72 
(73 
(74 


(a)  and  {d)  See  Art.  56. 
{c)  See  Arts.  66  and  66. 

See  Arts.  21  and  22« 

See  Art.  96. 

See  Art.  79. 

See  Art.  62. 

See  Art.  41. 

See  Art.  79. 


There  is  no  definite  answer  for  this  problem,  as  a 
great  number  of  different  arrangements  is  possible.  See 
Art.  1 29.  By  comparing  it  with  Fig.  54,  Art.  1 27,  it  will 
be  seen,  if  the  connections  are  correctly  made  and  all  the 
necessary  instruments  in  place,  the  exact  arrangement  is  a 
matter  of  taste  and  judgment. 

(76)     See  Art.  63. 

(76)  See  Art.  27. 

(77)  The  frequency  being  132  and  there  being  11  pairs 
of  poles,  the  motor  will  run  M,  ^^^^  =  12  revolutions  per  sec- 
ond, or  00  X  12  =  720  revolutions  per  minute.   See  Art.  68. 

(78)  (^0  and  (^)  See  Art.  80. 

(79)  See  Art.  6. 

(80)  See  Art.  67. 

(81)  See  Art.  97. 

(82)  See  Art.  6. 

(83)  The  effective  voltage  of  the  alternating  current 
is  obtained  by  using  formula  2,  Art.  47, 

7?  =  .012  X  20(^  =  122.4  volts.     Ans. 

(84)  {(i)  The  strength  of  the  direct  current  would  be 
the  same  as  the  effective  strength  of  the  alternating  current 
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lich  is  .707  of  its  maximum  strength.  See  Art.  36.  Then, 
)7  X  12  =  8.48  amperes.     Ans. 

(b)     See  Art.  36. 

(85)  The  counter  E.  M.  F.  £'  depends  on  the  field 
•ength  and  on  the  speed  of  rotation  of  the  armature, 
ence,  if  the  field  is  weakened,  B'  will  decrease  and  allow  a 
•ger  current  to  flow  through  the  armature.  This  will 
suit  in  an  increase  in  speed,  till  at  the  new  speed  and  with 
e  weakened  field,  the  counter  E.  M.  F.  is  raised  suffi- 
;ntly  to  cut  down  the  current  to  its  proper  value,  or  so 
at  the  torque  will  again  balance  the  resistance  to  rotation. 
e  Art.  57. 


(86) 

See  Art. 

83. 

(87) 

See  Art. 

71. 

(88) 

See  Art. 

81. 

(89) 

See  Art. 

83. 

(90) 

See  Art. 

46. 

The  E.  M.  F.  of  each  phase  will  be 
en  by  formula  1 , 

£  =  .707  X  220  =  155.5  volts.     Ans. 

)1)     See  Art.  48. 

\2)     See  Art.  34. 


;■! 
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ELECTRIC  HOISTING  AND 

HAULAGE. 


(1 
(2 
(3 
(4 
(5 
(O 
(7 
(S 

(9 
(lO 

(11 
(12 

(13 

(14 
(16 
(16 
(17 
(18 
(19 
(20 


See  Art.  3. 

See  Art.  4. 

See  Art.  6. 

See  Art.  S, 

See  Art.  1 6. 

See  Arts.  20  and  24. 

See  Arts.  21  and  22. 

See  Art.  26. 

See  Art.  27. 

See  Art.  28. 

See  Art.  40. 

See  Arts.  41  and  45. 

See  Art.  42. 

See  Art.  44. 

See  Art.  60. 

See  Art.  51. 

See  Art.  64. 

See  Art.  1 . 

See  Art.  6. 

See  Art.  6. 
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1 1 


I- 


■      L 


ELECTRIC  PUMPING,  SIGNALING, 

AND  LIGHTING. 


(1)  See  Fig.  19,  Art.  32. 

(2)  See  Fig.  20,  Art.  34. 

(3)  (a)  See  Art.  23. 

{i)  By  connecting  the  two  terminals  of  the  electromagnet 
directly  to  the  binding-posts  of  the  bell.     See  Art.  24. 

(4)  The  Edison-Lalande  or  Gordon  type.     See  Art.  36. 

(5)  See  Fig.  21,  Art.  36. 

(6)  (a)  About.3i^  to  4  watts. 
(*)  About  200. 

(c)  i  ampere.     See  Arts.  47  and  48. 

(7)  {a)  The  lamps  would  be  connected  two  in  series,  as 
shown  in  Fig.  29,  Art.  62. 

(6)  For  the  550-volt  circuit,  5  lamps  would  have  to  be 
connected  in  series;  hence,  the  sketch  required  is  similar  to 
that  shown  in  Fig.  29  except  that  there  will  be  5  lamps  in 
series  instead  of  2. 

(8)  {a)  A  short  circuit  is  a  path  of  low  resistance  estab- 
lished between  two  points  of  a  system.  It  usually  refers  to 
a  connection  of  low  resistance  between  the  two  sides  of  a 
constant-potential  system,  such  as  might  be  caused,  for  ex- 
ample, by  the  wires  becoming  crossed  or  accidentally  con- 
nected together  in  some  way. 
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(b)  Because  the  pressure  is  capable  of  setting  up  a  very 
large  current  that  may  be  sufficient  to  burn  the  wire  and  set 
fire  to  surrounding  material.     See  Art.  Q2. 

(9)  {a)  See  Arts.  49  and  60. 

{d)  Carbons  last  about  10  hours  in  open-arc  lamps  and 
about  150  hours  in  the  enclosed-arc  lamps.     See  Art.  60. 

(10)  See  Arts.  4  and  6. 

(11)  A  motor-driven  pump  runs  at  a  nearly  constant 
speed,  regardless  of  the  load ;  hence,  with  the  electric  pump, 
there  is  not  as  much  danger  from  hammering  as  with  steam 
or  compressed-air  pumps.     See  Art.  6. 

(12)  See  Art.  9. 

(13)  {a)  450  watts. 

(b)  300  watts.     See  Art.  49. 

(14)  (a)  From  05  to  70  per  cent. 

(b)  From  70  to  75  per  cent.     See  Art.  9. 

(15)  See  Art.  7. 

(16)  (a)  The  drop  is  the  falling  off  in  pressure  from 
the  dynamo  to  the  point  where  the  current  is  utilized. 
It  is  equal  to  the  E.  M.  F.  necessary  to  force  the  current 
through  the  line,  or,  in  other  words,  to  overcome  the  line 
resistance. 

(/;)  The  drop  depends  on  the  amount  of  current  to  be 
forced  through  the  line  and  the  resistance  of  the  line.  It 
is  equal  in  amount  to  the  product  of  the  current  and  the 
resistance.     See  Art.  59. 

(17)  {a)  The  bells  do  not  all  vibrate  in  unison,  and  the 
result  is  that  the  circuit  is  broken  in  one  part  when  it  is 
closed  at  another;  hence,  the  bells  either  do  not  ring  at  all 
or  else  they  ring  with  a  very  weak  sound. 
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(*)  Make  all  the  bells  single-stroke  but  one,  and  allow  this 
one  bell  to  do  the  interrupting  of  the  current.     See  Art.  21. 

(18)     See  Art.  22. 

V  (IQ)     The  current  C  will  be  75  amperes,  because  each 
^kmp  will  take  i  ampere.     The  total  length  of  line  will  be 

3,000  feet,  because  the  distance  to  the  lamps  is  1,500  feet. 

We  may  then   obtain  the  size  of  wire  by  substituting  in 

formula  2^ 


This  is  a  little  larger  than  a  No.  0000  wire,  as  will  be  seen 
by  referring  to  Table  2,  but  a  No.  OOOO  would  probably  be 
used. 

(20)  -125  inch  =  126  mils,  hence  circular  mils  =  125'  = 
16,635.     Ans.     See  Art.  55. 

(21)  See  Fig.  13.  Art.  26. 

(22)  See  Pig.  14.  Art.  27. 

(23)  {a)  See  Art.  53. 
{h)  Because  it  permits  the  use  of  high  line  pressures,  thus 

keeping  down  the  line  current  for  a  given  amount  of  power 
transmitted  and  reducing  the  amount  of  copper  required  in 

fthe  line. 
I  (24)     (a)  See  Arts.  62  and  63. 
{b)  If  no  fuse  were  provided,  the  heavy  flow  of  current 
might  be  sufficient  to  burn  the  insulation  off  the  wire  or 
even  fuse  the  wire  itself. 

(25)     Since  the  primary  pressure  is  2,000  volts,  each  am- 
pere in   the  primary  will  be  equivalent  to  40  lights  on  the 
icondary.     See  Art.  53.     The  line  current  required  for 
!00  lamps  will  be   'lU"  =  30  ampores.      The  total  lengtw 
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of  line  is  4  miles,  or  21,120  feet.     Applying  formula  2,  we 
find  the  area  of  cross-section  to  be 


.       10.8  X  21,120  X  30  X  100       ^ ,  ^,  ^        . 
^  = 2,000  X  10 =  '^*'^^^-     ^""- 

A  No.  5  B.  &  S.  wire  would  likely  be  used. 

(26)  See  Fig.  40,  Art.  71. 

(27)  See  Art.  6. 

(28)  See  Fig.  33,  Art.  61. 

(29)  Each  set  of  five  lamps  will  take  ^  ampere;  hence, 
the  200  lamps  will  take  20  amperes.     See  Art.  52. 


ELECTRIC  COAL-CUTTING 

MACHINERY. 


(1)  See  Arts.  1  and  2. 

(2)  See  Art.  1. 

(3)  See  Arts.  1 1  and  27. 

(4)  See  Art.  16. 

(5)  See  Art.  1 8. 

(6)  See  Art.  1 8. 

(7)  See  Arts.  21  and  22. 

(8)  See  Art.  23. 

(9)  See  Art.  25. 

(10)  See  Art.  26. 

(11)  See  Art.  31. 

(12)  See  Art.  28. 

(13)  See  Art.  6. 

(14)  See  Arts.  6  to  8. 
(16)     See  Art.  13. 

(16)  See  Arts.  16  and  17. 

(17)  See  Art.  22. 

(18)  See  Art.  26. 


§33 


1 


■ . 


I; 


BLOWPIPING, 


(1)  See  Art.  2. 

(2)  See  Arts.  3  and  4. 

(3)  See  Arts.  6  and  7. 

(4)  See  Arts.  8  and  9. 

(5)  See  Art.  lO. 

(6)  Al,  (OH).;  Cr,  (50,),. 

(7)  See  Art.  15. 

(8)  See  Arts.  1 6  to  19. 

(9)  See  Art.  22. 

(10)  See  Art.  12. 

(11)  See  Art.  13. 

(12)  See  Art.  14. 

(13)  See  Art.  13. 

(14)  See  Art.  31. 

(15)  See  Arts.  33  and  34. 

(16)  See  Arts.  44  to  46. 

(17)  See  Art.  48. 

(18)  See  Arts.  49  to  63. 

(19)  See  Art.  54. 

(20)  See  Art.  36. 

(21)  See  Art.  37. 

(22)  See  Arts.  41  to  43. 

(23)  See  Art.  94. 
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(24 

(25 

(26 

(27 

(28 

(29 

(30 

(31 

(32 

(33 

(34 

(35 

(36 

(37 

(38 

(39 

(40 

(41 

(42 


See  Arts.  96  to  98. 

See  Arts.  96  and  98. 

See  Arts.  96  and  98. 

See  Arts.  96  and  98. 

See  Arts.  99  and  lOO. 

See  Arts.  58  and  59. 

See  Art.  1 OO. 

See  Arts.  105  and  106. 

See  Arts.  lOl  and  102. 

See  Art.  1 03. 

See  Art.  104. 

See  Arts.  107  to  111, 

See  Tables  III  and  IV. 

See  Tables  V  and  VI. 

See  Arts.  112  to  114. 

See  Art.  115. 

See  Table  VII. 

See  Art.  96. 

See  Art.  1 1 7r 


(43-50)     No  Key. 


MINERALOGY. 


(1)  See  Art.  1. 

(2)  See  Art.  2. 

(3)  See  Arts.  9  and  lO. 

(4)  See  Art.  lO. 

(5)  See  Art.  4. 

(6)  See  Art.  1 2. 

(7)  See  Arts.  5  and  6. 

(8)  See  Art.  11. 

(9)  See  Arts.  1  to  1 7. 

(10)  See  Arts.  14  to  16. 

(11)  See  Art.  8. 

(12)  See  Arts.  1 8  and  1  •• 

(13)  See  Art.  19. 

(14)  See  Art.  21. 

(15)  See  Art.  22. 

(16)  See  Art.  29. 

(17)  See  Art.  36. 

(18)  See  Art.  36. 

(19)  See  Art.  80. 

(20)  See  Art.  81. 

(21)  See  Arts.  39  to  45. 

(22)  See  Art   38. 

(23)  See  Arts.  39  to  45. 

(24)  See  Art.  44. 
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(25) 

1    See  Art.  42. 

(26] 

1     See  Art.  59. 

(27] 

1     See  Art.  60. 

(28] 

1     See  Arts.  65  to  71. 

(29] 

1     See  Art.  70. 

(30] 

1     See  Art.  72. 

(31] 

1     See  Art.  78. 

(32] 

1     See  Art.  47. 

(33] 

1     See  Art.  55. 

(34] 

1     See  Art.  53. 

(35] 

1     See  Art.  49. 

(36) 

1     See  Table  I. 

(37) 

1     See  Table  I. 

(38) 

1     See  Art.  66. 

(39] 

1     See  Art.  85. 

(40] 

1     See  Arts.  85  to  90. 

(41] 

1     See  Table  II  and  Arts.  lOl  and  104. 

(42] 

1     See  Art.  92. 

(43] 

1     See  Table  I  and  Art.  94. 

(44] 

1     See  Table  II  and  Arts.  lOl  and  102o 

(45] 

1     See  Art.  98. 

(46] 

1     See  Art.  98. 

(47] 

1     See  Art.  98. 

(48] 

1     See  Art.  98. 

(49] 

1     See  Art.  98. 

(50] 

1     See.  Table  II. 

(51] 

1     See  Arts.  44  and  49. 

(52] 

1     See  Art.  64. 

(53] 

1     See  Arts.  99  to  1 04. 

ASSAYING. 


1)  (fl)  See  Art.  I. 
(*)   See  Art.  3. 

2)  See  Art.  2. 
8)  See  Art.  e. 
4)     See  Arts.  1 07  to  1 1 1 . 

^6)     (rt)  See  Arts.  134  to  135. 
ii)   See  Art.  138. 
B)     (a)  See  Art.  26.  I 

(*)   See  Art.  28. 
7)     (a)  See  Art.  36. 
(*)   See  Art.  36. 
(8)     (rt)  In  weighing  the  first  button,  place  the  button  on 
one  pan   and  it    will  be  found  that  a  10-mg.  and  a  5-mg. 
weight  in  the  other  pan  will  not  quite  balance  the  button, 
while  the  addition  of  a  1-mg.   weight   will  overbalance  it; 
remove  the  1-mg.   weight,  close  the  scale  case,  and  move 
the  rider  along  the   beam    until    the   button   is   balanced. 
This  will  occur  with  the  rider  38  divisions  from  the  center 
of  the  beam  on  the  side  opposite  to  that  in  which  the  button 
is  placed;  hence,  the  weight  of  the  button  will  be 

10+5  +  .38X  a=15.r(i  mg. 
Now  remove  the  button  which  has  been  weighed,  leaving 
the  weights  in  the  scale-pan  and  the  rider  in  its  position. 
Place  the  other  button  in  the  scale-pan  and  it  will  be  found 
that  the  weights  slightly  overbalance  the  button.  By 
Iioving  the  rider  1  division  of  a  beam  towards  the  center, 
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it  will  be  found  that  a  balance  is  established,  and  hence  the 
second  button  weighs 

10  +  5  +  .37  X  2  =  16.74  mg. 

Of  course,  the  weight  of  the  second  button  could  be  obtained 
by  simply  subtracting  the  amount  the  rider  was  moved  from 
the  first  reading,  or,  as  it  was  moved  1  division,  it  would 
represent  .02  mg. 

In  weighing  the  gold,  place  the  gold  in  one  pan  and  it  will 
be  found  that  the  2-mg.  weight  slightly  overbalances,  while 
a  1-mg.  weight  does  not  nearly  balance  it.  It  may  be 
weighed  by  leaving  the  1-mg.  weight  in  place  and  moving 
the  rider  out  49  divisions  to  the  side  opposite  to  that  on 
which  the  gold  has  been  placed ;  hence,  the  weight  will  be 

1  +  .49  X  2=  1.98  mg. 

This  weight  may  also  be  obtained  by  leaving  the  2-mg. 
weight  on  the  side  opposite  the  gold  and  carrying  the  rider 
across  to  the  side  on  which  the  gold  is  being  weighed.  In 
this  case,  a  balance  will  be  established  when  the  rider  has 
been  moved  1  division  towards  the  pan  containing  the  gold, 
and  the  weight  will  be 

2  —  .01  X  2  =  1.98  mg. 

(For  detailed  description  of  weighing  see  Art.  32.) 

(b)  As  ^  A.  T.  was  taken,  adding  the  two   weights  will 
give  the  amount  contained  in  1  A.  T. ;  hence, 

15.76 
15.74 

31.50  mg.  = 

combined  weight  of  gold  and  silver,  or  the  total  num})er 
of  ounces  per  ton  of  precious  metals  contained  in  the  ore; 
the  weight  of  the  gold  equals  the  number  of  ounces  per  ton 
of  gold  in  the  ore,  and 

31.50 

1.08  mg.,  or  the  number  of  ounces  of  gold  per  ton. 
20.5*2  nig.,  or  the  number  of  ounces  of  silver  per  ton. 
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(9)      {a)  See  Art.  140. 
(*)  See  Art.  141. 

(c)  See  Art.  1 44. 

(10)  (a)  See  Art.  181. 
{b)  See  Art.  182. 

(11)  See  Art.  229. 

(12)  (a)  and  (*)  See  Art.  4. 

(13)  (a)  and  (*)  See  Art.  24. 

(14)  {a)  See  Art.  60. 

(*)  See  Arts.  64  to  76. 

(15)  (a)  See  Table  I. 

(d)  See  Table  III. 

(16)  From  Table  IV,  by  looking  in  the  first  column  we 
find  300,  and  opposite  in  the  second  column,  305  to  310  as  the 
number  of  milligrams  of  silver  to  be  used  in  the  proof  assay 
when  300  mg.  were  obtaiined  from  the  preliminary  assay. 
As  there  is  15^  copper  in  the  bullion,  we  turn  to  the  fourth 
column  of  Table  IV,  and  opposite  15^  find  in  the  fifth 
column  75  mg.  as  the  amount  of  c.  p.  copper  to  be  added 
to  the  proof  assay.  The  sum  of  the  weights  of  the  silver 
and  the   copper  contained  in  the  preliminary  assay  is  as 

follows: 

75 

300 
375  and 

500 
375 
125  mg., 

or  the  amount  of  test  lead  which  must  be  used  in  making 
up  the  proof  assay.  In  column  3  of  Table  IV,  opposite  300 
in  the  first  column  we  find  15  as  the  number  of  milligrams  of 
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(33) 

(«) 

(*) 

(34) 

('^) 

(35) 

(«) 

(*) 

(36) 

(«) 

(*) 

(37) 

(«) 

from  the  results  of  the  assay,  or  32.5  — .3  =  32.2  mg. 
As  the  number  of  milligrams  of  silver  contained  in  .1  A.T.  of 
ore  and  as  .1  of  ore  was  employed,  the  results  must  be 
multiplied  by  10  to  obtain  the  amount  contained  in  1  A.T. 
Hence,  32.2  x  10  =  322  mg.,  or  the  number  of  ounces  of 
silver  per  ton  contained  in  the  ore. 

See  Arts.  145  to  147. 
See  Art.  1 48. 

and  (*)  See  Art.  225. 

See  Arts.  1 1  to  1 3. 
See  Art.  14. 

See  Arts.  50  to  52. 
See  Art.  56. 

First,  adding  the  two  weights  so  as  to  obtain 
the  average,  we  have 

3.45 
3^47 

G.92  =  total  number  mg.  from  \  A.T. 

2. 12  =  number  of  mg.  of  gold  from  \  A.T. 

4.80  =  number  of  mg.  of  silver  from  -^  A.  T. 

On  account  of  the  fact  that  only  \  A.  T.  has  been  taken 
for  obtaining  the  results  in  milligrams,  it  will  be  necessary  tc 
multiply  by  5,  or 

2.12  X  5  =  10.6    ounces  of  gold  per  ton, 
4.80  X  0  =  24.00  ounces  of  silver  per  ton. 

(d)    The  value  of  the  precious  metals  is  obtained  by  multi- 
plying the  number  of  ounces  of  each  by  its  value  per  ton,  or 

10.  G    X  20.G7  =  *219.10 
24.00  X      .G0=      14.40 

Total,      *233.50 
(38)     (^)  Owing  to  the  fact  that  two  5-gram  charges  of 
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ore  were  taken,  the  amount  in  one  lO-gram  charge  can  be 
obtained  by  adding  the  two  results,  or 

3.25 
3.27 
6.52  g.  of  lead  in  10  g.  of  ore;  hence, 

6.52  -^  10  =  .052,  or  the  ore  contains  65.2^  lead. 

(d)  If  lO-gram  charges  had  been  taken  in  place  of  5,  and 
the  same  amount  of  lead  obtained  from  each  charge,  the 
ore  would  have  contained  just  half  the  amount  of  lead  given 
above,  or 

.652  -r-  2  =  .326,  or  32.6^. 

(39)  See  Art.  226. 

(40)  As  the  potassium-cyanide  solution  is  a  ^-normal 
solution,  it  will  take  2  c.  c.  of  it  to  equal  1^  of  copper  when 
1  gram  of  ore  is  employed,  and  hence  1  gram  of  ore  con- 
taining 15^  of  copper  would  require  15  X  2  or  30  c.  c.  of  the 
standard  solution  to  titrate  the  copper. 

(41)  See  Art.  13. 

(42)  See  Art.  120. 

(43)  {a)  and  (/;)  See  Art.  78. 

(44)  {(i)  As  ^  A.  T.  charges  of  ore  were  taken,  the 
number  of  milligrams  of  the  precious  metal  per  A.  T.  will  be 
found  by  adding  the  two  results,  or 

4.76 
4.75 


9.51   mg.  =  ounces  precious  metals  per  ton. 

9.51 
.75  mg.  =  ounces  gold  per  ton. 

8.76  mg.  =  ounces  silver  per  ton. 

(*)     .75  X  20.67  =  $15.50,  value  of  gold  per  ton. 
8.76  X  .59  =      5. 17,  value  of  silver  per  ton. 

$20.67,  total  value  per  ton. 
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(45)  {a),  (*),  and  (c)  See  Art.  1 70. 

(46)  See  Arts.  230  and  231* 

(47)  vSee  Arts.  16  and  17. 

(48)  vSee  Arts.  32  and  33. 

(49)  {a)  and  (b)  See  Art.  83. 

(50)  See  Arts.  85  to  89. 

(51)  {ti)  Sec  Art.  128. 
{b)   See  Art.  1 29. 

(52)  If  1  A.  T.  of  *l().0()ore  had  been  taken,  the  weight 
of  the  button  obtained  from  the  assay  would  be  10.(K)-r 
20.07  =  .48379,  or  practically  .4838.  As  I  A.  T.  was  taken, 
the  weii^ht  of  the  button  would  be  ^  of  this  amount,  or 
.4838  -J-  2  =  .2410  mg. 

Note. — Most  button  balances  would  not  determine  the  weight  closer 
than  .24  mg. 

(53)  (a)  and  {b)  See  Art.  1()4. 

(54)  (^0,  (^)>  and  (c)  Sec  Arts.  1  1  and  18. 

(55)  (cr)  Sec  Art.  56. 
(/;)  Sec  Art.  55. 

(56)  (^0  aii^l  i^')  ^^•^'  A^'t-  89. 

(57)  (^0  I    .    />  =  ounces  per  ton. 

(/;)  As  \  A.  T.  was  taken  for  the  determination  of 
^oUl  and  silver  in  i)ulj),  the  results  from  1  A.  T.  can  be 
obtained  as  follows: 

08.51 
98.53 


1<j7.()4  =  mg.  from  1  A.  T. 

1.75  =  m\^.  j^old  in  the  A.  T.  =  oz.  per  ton. 

V,)d.'l\)  =  nig.  silver  in  the  A.  T.  =  oz.  per  ton, 
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Now,  substituting  these  factors  in  the  equation,  we  obtain 
for  silver 

248.5X195.29  +  29.166  X  855.51       ^^^^  .on  -i 

tx.o  r   .    I  /xo =  293.129  oz.  silver  per  ton. 

<«4o.  0  -J-  l.yo 

The  value  of  gold  per  ton  is  obtained  by  substituting  as 
follows: 

248.5  X  1.75  +  29.166  X  5.62       ^  ^^  , , 

{c)     The  total  value  of  the  ore  is  as  follows: 

2.39  X  20.67  =  $  49.4013,  value  of  gold. 
293.129  X  .60  =    175.8774,  value  of  silver. 

1225.2787,  or  $225.28,  total  value  per  ton. 

(58)  See  Arts.  172  and  175  to  180. 

(59)  (a)  and  {b)  See  Art.  95. 

(60)  {a)  See  Art.  22. 
(*)  See  Art.  23. 

(61)  To  obtain  the  weight  of  the  barium  sulphate,  sub- 
tract the  weight  of  the  filter  ash  from  the  total  weight 
obtained,  or 

.423 
.004 


.419 


This  multiplied   by  .13734  =  .057545,  or  practically  5.75^ 
sulphur. 

(62)  (a)  See  Arts.  90  to  96. 
(*)  See  Art.  90. 

(c)  See  Art.  94. 

(63)  (a),  (b).  and  (c)  See  Art.  133. 

(64)  As  the  piano  wire  contains  only  *.)9.7^  iron,  it  will 
be  necessary  to  determine  the  amount  of  iron  in  the  samples 
used,  and 
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0.105  X  .997  =  .104685,  or  the  number  of  grams  of  iron  in 
the  first  sample,  and 

0.112  X  .997  =  .111664,  or  the  number  of  grams  of  iron  in 
the  second  sample. 

Dividing  each  weight  of  iron  by  the  number  of  c.  c.  of 
solution  which  it  required  to  titrate  it,  we  will  obtain  the 
standard  for  each  case,  or 

0.104685  -7-  20.9  =  .005008,  for  the  first  standard,  and 
0.111664  -^  22.4  =  .004085,  for  the  second  standard. 

Adding  these  two,  wc  obtain  .009993,  and  dividing  the  result 
by  2,wc  have  .004996  g.,  equals  the  amount  of  iron  in  grams 
which  each  c.  c.  of  the  standard  solution  is  equal  to,  or  the 
standard  of  the  solution  in  iron. 

(65)  For  the  gold  and  silver  determination,  as  ^  A.  T. 
charges  were  taken ,  hence,  it  will  be  necessary  to  add  the 
combined  weight  of  the  buttons  to  obtain  the  amount  in 
1  A.  T.,  or 

8.63 
8.62 

17.25  mg.  =  weight  of  gold  and  silver. 
2.35  ing.  =  ounces  of  gold  per  ton. 

14.90  nig.  =  ounces  of  silver  per  ton. 

As  25  c.  c.  of  the  normal  solution  was  employed  in  the  iron 
determination  and  1  gram  of  ore  was  taken,  each  c.  c.  of  the 
solution  will  be  equal  to  1^  iron,  or  the  sample  will  contain 
2.");^  iron. 

As  the  same  solution  was  employed  in  titrating  1  gram 
of  th(;  ore  in  the  deK^niination  of  6V/C^,  and  as  the  standard 
for  CctO  is  just  .V  that  of  iron,  the  result  will  be 

18.4  -:-  2  =  0.2  =  the  i)ercentage  of  CaO  in  the  sample. 

For  obtaining  the  perc(Mitage  of  copper,  we  multiply  the 
number  of  c.  c.  cm[)loye(l  by  the  factor  for  the  solution,  or 

20. 3  X  .0040  =  .12887,  or  practically 
12.80  per  cent,  of  copper. 
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In  like  manner,  in  the  determination  of  zinc,  we  multiply 
the  number  of  c.  c.  employed  by  the  factor  for  the  solution, 
or 

4.5  X  .0099  =  .04455,  or  practically  4.46j^  zinc. 

For  the  determination  of  silica  in  soluble  matter,  we 
would  simply  divide  the  weight  obtained  by  the  weight 
taken,  or 

.125  -^  1.00  =  .125  =  12.5^  silica. 

Hence  the  ore  contains 

2.35  ounces  gold  per  ton, 

14.9  ounces  silver  per  ton, 

%6fi  ifon, 

d.ifi  CaO, 

12.89j^  copper, 

4.46^  zinc, 

12.5^  silica. 
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GEOLOGY 


(1) 

See  Art.  1. 

(2) 

See  Art.  2. 

(3) 

See  Art.  4. 

(4) 

See  Art.  13. 

(5) 

See  Art.  8. 

(6) 

See  Art.  14. 

(7) 

See  Art.  14. 

(8) 

See  Art.  21. 

(9) 

See  Art.  23. 

(lo; 

1  See  Art.  26. 

(11] 

(  See  Art.  27. 

(12; 

(  See  Arts.  28  to  30. 

(13; 

1  See  Arts.  31  and  32. 

(14j 

I  See  Art.  35. 

(15] 

1  See  Art.  38. 

(16] 

1  See  Art.  40. 

(17] 

1  See  Art.  42. 

(18] 

1  See  Art.  45. 

(19] 

I  See  Art.  46. 

(20] 

I  See  Art.  48. 

(2i; 

1  See  Art.  49. 

(22] 

1  See  Art.  50. 

(23] 

1  See  Art.  52. 
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(24) 

See 

(25) 

1  See 

(26) 

1  .  See 

(27) 

1  See 

(28) 

1  See 

(29) 

1  See 

(30) 

1  See 

(31) 

)  See 

(32) 

1  See 

(33) 

See 

(34) 

(  See 

(35) 

1  See 

(36) 

1  See 

(37) 

)  See 

(38) 

)  See 

(39) 

See 

(40) 

See 

(41) 

Sec 

(42) 

See 

(43) 

See 

(44) 

1   Sec 

(45) 

1   Sec 

(46) 

See 

(47) 

1   See 

(48) 

See 

(49) 

See 

(50) 

1   See 

(51) 

1  Sec 

(52) 

1  See 

Arts.  53  and  54* 

Art.  55. 

Art.  56. 

Art.  59. 

Art.  63. 

Art.  66. 

Art.  68 

Art.  69. 

Art.  70. 

Arts.  73  to  80. 

Art.  81. 

Arts.  82  to  89. 

Arts.  79  and  82. 

Art.  92. 

Art.  94. 

Art.  98. 

Art.  99. 

Arts.  109to  113. 

Art.  116. 

Art.  118. 

Arts.   121  to  124. 

Art.  124. 

Art.  127. 

Arts.  128  and  129, 

Art.   132. 

Art.  140. 

Art.  141. 

Art.   147. 

Arts.  148  and  149, 


§  37  GEOLOGY.  8 

(53)  See  Art.  152. 

(54)  See  Art.  1 56. 

(55)  See  Art.  160. 

(56)  See  Art.  1 69. 

(57)  See  Art.  171. 

(58)  See  Art.  174. 

(59)  See  Art.  1 75. 

(60)  See  Art.  154. 

(61)  See  Arts.  181  and  182. 

(62)  See  Arts.  186  and  187. 

(63)  See  Art.  1 89. 

(64)  See  Arts.  1 90  to  1 92. 

(65)  See  Art.  195. 

(66)  See  Arts.  203  to  207. 

(67)  See  Arts.  208  and  209. 

(68)  See  Arts.  216  to  21 8. 

(69)  See  Art.  227. 

(70)  See  Arts.  244  to  249. 

(71)  See  Art.  250. 

(72)  See  Art.  260. 


f 


11". 


«i" 


PROSPECTING. 


(1)  See  Art.  82. 

(2)  See  Art.  81. 

(3)  See  Arts.  35  and  36. 

(4)  See  Arts.  37  to  39. 

(5)  See  Art.  40. 

(6)  (a)  See  Art.  41. 
(*)  See  Art.  55. 

(7)  See  Arts.  42  and  56, 

(8)  (a)  See  Art.  45. 
(*)  See  Art.  57. 

(9)  See  Art.  47. 

(10)  (a)  See  Art.  48. 
(*)  See  Art.  49. 

(c)  See  Art.  50. 

(11)  See  Arts.  53  to  60. 

(12)  See  Art.  51. 

( 1 3)  See  Art.  1 3. 

(14)  See  Arts.  12  to  16. 

(15)  (a)  See  Arts.  18  and  19. 

(d)  See  Art.  27. 

(16)  (a)  See  Art.  21. 
(*)  See  Art.  33. 
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(17)  See  Art.  54. 

(18)  See  Art.  73. 

(19)  See  Art.  73. 

(20)  (a)  See  Art.  86. 
(d)  See  Art.  87.     * 

(21)  See  Art.  93. 

(22)  See  Arts.  92  to  95. 

(23)  Sec  Art.  99. 

(24)  See  Arts.  67  and  68. 

(25)  See  Arts.  61  and  62. 

(26)  See  Arts.  64  and  65. 

(27)  See  Arts.  61  to  63. 

(28)  See  Arts.  123  to  125. 

(29)  See  Arts.  123  to  125. 

(30)  See  Arts.  1 1 2  and  1 14L 

(31)  (a)  See  Art.  111. 
(/;)  See  Art.  11 0. 

(32)  See  Art.  107. 


Placer  and  Hydraulic  Mining. 


1 

[2 
[3 
[4 
[5 
[6 
\1 

[8 

[9 
lO 

11 

:i3 

[14 
15 

16 
17 

:i8 

19 
[20 
[21 
[22 


See  Arts.  1  to  4. 

See  Arts.  4  to  8. 

See  Arts.  1 5  to  24  and  Art.  1 42. 

See  Arts.  41  to  50. 

See  Art.  1 28. 

See  Arts.  1 28  to  1 30. 

See  Art.  1 28. 

See  Arts.  1 3  and  74. 

See  Art.  14. 

See  Arts.  1 18  and  119. 

See  Art.  37. 

See  Art.  65. 

See  Art.  61. 

See  Art.  41. 

See  Art.  74. 

See  Art.  76. 

See  Art.  78. 

See  Art.  85. 

See  Arts.  86  and  87. 

See  Art.  83. 

See  Arts.  91  to  93. 

See  Arts.  108  to  llO. 
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(23] 

I     See  Art.  112. 

(24] 

1     See  Art.  115. 

(26] 

I     See  Art.  115. 

(26] 

1     See  Arts.  120  to  122. 

(27] 

1     See  Arts.  120and  121. 

(28] 

1     See  Art.  125. 

(29] 

1     See  Arts.  126  and  128. 

(30] 

1     See  Art.  134. 

(31] 

1     See  Art.  1 33. 

(32] 

1     See  Art.  132. 

(33] 

1     See  Arts.  47  and  49. 

(34] 

1     See  Art.  1 7. 

(35] 

)    See  Art.  21. 

(36] 

1     See  Art.  22. 

(37] 

1     See  Arts.  25  and  36. 

(38) 

See  Art.  145. 

(39) 

1     See  Arts.  26  to  33. 

(40) 

1     See  Arts.  34  and  35. 

(41) 

1     See  Art.  34. 

(42) 

1     See  Art.  66. 

(43) 

See  Arts.  61  and  64. 

(44) 

1     See  Art.  38. 

(45) 

1     See  Arts.  67,  70,  and  71 

(46) 

1     See  Art.  72. 

(47) 

1     See  Art.  51. 

(48) 

)     See  Art.  1 42. 

(49) 

1     See  Art.  56. 

(50] 

1     See  Art.  135. 
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11 

12 

13 

14 
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16 

17 

18 
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21 


See  Arts.  8  to  lO. 

See  Art.  14. 

See  Arts.  16  and  146  to  148. 

See  Art.  18. 

See  Art.  35. 

See  Art.  36. 

See  Arts.  41  and  42* 

See  Art.  48. 

See  Art.  69. 

See  Arts.  61  and  62. 

See  Art.  66. 

See  Art.  70. 

See  Arts.  71  and  72. 

See  Arts.  73  and  74. 

See  Art.  81. 

See  Art.  82. 

See  Art.  85. 

See  Art.  93. 

See  Art.  99. 

See  Art.  1  Ol . 

See  Arts.  Ill  and  112. 
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PRELIMINARY  OPERATIONS.  §4 


(22) 

1     See  Art.  113. 

(23j 

1     See  Art.  1 20. 

(24) 

1     See  Art.  1 42. 

(25) 

1     See  Arts.  169  and  160. 

(26) 

1     See  Arts.  161  and  162. 

(27) 

1     See  Art.  169. 

(28) 

1     See  Arts.  174  to  177. 

(29) 

1     See  Art.  1 85. 

(30] 

1     See  Arts.  191  and  192. 

(31) 

1     See  Art.  196. 

(32) 

1     See  Art.  203. 

(33) 

1     See  Art.  210. 

(34) 

1     See  Arts.  21 1  to  217, 

(35) 

1     See  Art.  219. 

(36) 

See  Arts.  227  to  229. 

(37) 

See  Art.  230. 

METAL   MINING. 


(1) 

See  Art.  5. 

(2) 

See  Arts.  10  and  11. 

(3) 

See  Arts.  1 3  and  1 4. 

(4) 

See  Arts.  18  to  21. 

(5) 

See  Art.  22. 

(6) 

See  Arts.  25  to  27. 

(7) 

See  Art.  31. 

(8) 

See  Arts.  39  to  44. 

(9) 

See  Arts.  45  to  53. 

(lO] 

1     See  Arts.  59  to  66. 

(11] 

1     See  Arts.  69,  70,  and  72. 

(12] 

1     See  Art.  75. 

(13] 

I     See  Arts.  78  to  81. 

(14] 

1  -  See  Arts.  69,  80,  and  83. 

(16] 

)     See  Art.  86. 

(16] 

)     See  Arts.  89  and  90. 

(17] 

1     See  Arts.  91  to  96. 

(18] 

I     See  Art.  113. 

(19] 

1     See  Art.  1 24. 

(20] 

1     See  Art.  1 26. 

(21] 

)     See  Art.  131. 

(22] 

1     See  Arts.  1 32  to  1 37. 

(23] 

1     See  Art.  141. 
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(24] 

)    See  Art 

.  144. 

(25] 

\     See  Art 

s.  1 26  and  1 46  to  1 52. 

(26] 

)     See  Art 

.  154. 

(27] 

1     See  Art 

.  155. 

(28] 

1     See  Art 

.  167. 

(29) 

See  Art 

.  58  and  Arts.  1 73  to  1  < 

(30] 

(     See  Art 

.  179. 

(31] 

1     See  Art 

.  186. 

(32) 

1     See  Art 

s.  1 95  and  1 96. 

(33) 

1     See  Art 

s.  198  and  199. 

(34) 

1     See  Art 

.  203. 

(35] 

1     See  Art 

s.  207  to  2 1 4. 

(36) 

1     See  Art 

.  210. 

(37) 

1     See  Art 

.  220. 

(38) 

1     See  Art 

s.  223  and  224. 

(39] 

1     See  Art 

s.  227  and  228. 

(40) 

1     Sco  Art 

.  229. 

(41] 

1     See  Art 

.  246. 

(42) 

1     See  Art 

.  247. 

(43] 

1     See  Art 

.  250. 

(44) 

1     See  Art 

s.  256  to  259. 

(45] 

1     Sec  Art 

.  26(). 

(46) 

1     See  Art 

.  261. 

SURFACE  ARRANGEMENTS   AT 

METAL  MINES. 


2 
3 


6 


8 

9 

lO 

11 

12 

13 

14 

15 

16 

17 

18 


See  Art.  1, 

See  Arts.  6,  7,  and  9. 

See  Arts.  15  and  16. 

See  Arts.  20  and  21. 

See  Arts.  23  and  24. 

See  Art.  26. 

See  Art.  32. 

See  Art.  37. 

See  Art.  38. 

See  Art.  43. 

See  Art.  45. 

See  Art.  47. 

See  Art.  49. 

See  Art.  53. 

See  Arts.  61  and  62. 

See  Art.  69. 

See  Art.  73. 

See  Art.  74. 
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SUR.  ARRANG.  AT  METAL  MINES.  §4 

(19)  See  Art.  76. 

(20)  See  Art.  78. 

(21)  See  Art.  82. 

(22)  See  Arts.  83  and  84. 

(23)  See  Art.  85. 

(24)  See  Art.  3. 

(25)  See  Arts.  17  and  18* 
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12 

13 

14 
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See  Arts.  238  and  239. 

See  Art.  1. 

See  Art.  5. 

See  Art.  4. 

See  Arts.  244  and  68. 

See  Art.  244. 

See  Arts.  75  and  239. 

See  Arts.  68,  76,  and  115. 

See  Arts.  9  to  1 1  and  Art.  1 5. 

See  Art.  21. 

See  Arts.  151  and  270. 

See  Art.  1 8. 

See  Arts.  49,  50,  229,  and  230. 

See  Art.  38. 

See  Art.  29. 

See  Arts.  251  and  252. 

See  Arts.  39  to  41. 

See  Art.  33. 

See  Art.  277. 

See  Art.  28. 

See  Arts.  42  and  43. 

See  Art.  36. 
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§ 


(23) 

1     See  Art 

s.  77  and  78. 

(24] 

I     See  Art 

s.  77  and  86. 

(25] 

1     See  Art 

.  84. 

(26] 

)     See  Art 

.  62. 

(27] 

1     See  Art 
1     See  Art 

s.  65  to  67. 

(28] 

.  88. 

(29) 

)     See  Art 

.  89. 

(30] 

1     See  Art 

.  89. 

(31] 

1     See  Art 

.  92. 

(32] 

1     See  Art 

.  92. 

(33] 

1     See  Art 

.  93. 

(34] 

)     See  Art 

.  94. 

(35] 

(     See  Art 

.  lOl. 

(36] 

1     See  Art 

.  103. 

(37] 

(     See  Art 

s.  106and  114. 

(38] 

1     vSee  Art 

.  113. 

(39] 

1     See  Art 

.  118. 

(40] 

1     See  Art 

.  122. 

(41] 

1     Sec  Art 

.  124. 

(42] 

1     See  Art 

s.  1 42  to  1 44. 

(43] 

1     See  Art 

s.  153  to  163. 

(44) 

1     See  Art 

.  154. 

(45) 

1     See  Art 

.  157  to  163. 

(46) 

1     See  Art 

.  161. 

(47) 

1     See  Art 

.  174. 

(48) 

1     See  Art 

.  175. 

(49) 

1     See  Art 

s.  192  and  201  to  207 

(50) 

See  Art 

.  181. 
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(51)  See  Art.  173. 

(52)  See  Art.  152. 

(53)  See  Art.  215. 

(54)  See  Arts.  216  to  218. 

(55)  See  Art.  218. 

(56)  See  Art.  219. 

(57)  See  Art.  222. 

(58)  See  Art.  255. 

(59)  See  Art.  250. 
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TABLES  AND    FORMULAS. 


This  volume  contains  all  the  principal  Tables,  Rules,  and 
Formulas  occurring  in  the  Instruction  Papers  of  the  Course. 
They  have  been  collected  and  placed  in  this  volume  in 
order  to  make  them  convenient  for  ready  reference,  so  that 
the  student  will  not  be  obliged  to  search  the  Instruction 
Papers  to  find  them. 

The  various  Rules  and  Formulas  are  here  grouped  under 
the  titles  of  the  Instruction  Papers  in  which  they  occur. 
Following  each  rule  and  formula  are  its  number  and  also 
that  of  the  article  of  the  Instruction  Paper  in  which  it  is 
discussed.  These  numbers  may  be  readily  found  in  the  text 
by  noting  the  section  number  on  the  headline  at  the  top 
of  th.e  page.  Thus:  on  page  161  following,  we  see  that  the 
formula  for  **  Discharge  of  Pump  "  is  followed  by  **  (191 )," 
the  number  of  the  formula,  and  by  **  Art.  2292,"  the 
article  in  which  it  occurs;  and  that  **§  21  "  is  on  the  head- 
line. We  then  find  §  21  and  look  through  this  section  until 
Art.  2292  is  found. 


TABLES 


OF 


NATURAL  SINES,   COSINES, 

TANGENTS, 
AND  COTANGENTS 


GIVING  THE  VALUES  OF  THE  FUNCTIONS  FOR 
ALL  DEGREES  AND  MINUTES  FROM 
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TABLE  OF 

RADII    AND    CHORD    AND    TANGENT 

DEFLECTIONS. 

The  formulas  used  in  the  computation  of  the  following 
table  are  as  follows: 

For  Radii,     A'  =  -^^         (79.)     Art.  1 200.     §  9. 

sm  1)  ^        '  *' 

For  Chord  Deflections, 

^=^'-.         (81.)     Art.  1208.     §9. 
For  Tangent  Deflections, 

tan  deflection  =  --^,.         (82.)     Art.  1 208.     §  9. 
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lABLE   OF   UADII   AND   DEFLECTIONS 
OF  CURVES. 
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SPECIFIC  GRAVITIES   AND  \%  EIGHTS 

PER   CUBIC   FOOT- 


METALS. 


Substance. 


Osmiuin 

Platinum   

Gold 

Mercury 

Lead  (cast) 

Silver 

Copper  (cast) 

Brass 

Wrouj^ht  Iron 

Cast  Iron 

Steel  

Tin  (cast) 

Zinc  (cast) 

Antimony 

Aluminum 

VVCM)1>S. 


Substance 


Ash 

Beech   

Cedar 

Cork 

Ebony  (American) 

Lignum-vitai 

Maple 

Oak  (old)  .  . '. 

Spruce 

Pine  (yellow) 

Pine  (white) 

Walnut 


23.00 
21.50 

19-50 
13.60 

10.50 
8.79 

7. 68 
7.21 
7.84 
7.29 
6.86 
6.7  I 
2.50 


Weight  iKT 
Cubic  Foot 
in  Pounds. 


1.437-5 

1,343-8 

1,218.8 

850.0 

709.4 

656-3 
549-4 

5-\S-« 
480.0 

450-C' 
490.0 

455-6 
428.8 

419.4 
156.3 


Specific 
(Iravitv. 


Wcij^ht   per 
Cubic  P^>ot 
in  Pounds. 


.«45 

52.80 

.852 

53-25 

.56, 

35- 06 

.240 

15.00 

'•333 

•750 

I .  I  70 

.  soo 
.660 

•554 
.671 


46.88 

73-  'o 

31-25 
41.  20 

34- 60 

41.90 
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LIQUIDS. 


Substance. 


Acetic  Acid 

Nitric  Acid 

Sulphuric  Acid 

Muriatic  Acid 

Alcohol 

Turpentine . . 

Sea  Water  (ordinary) 
Milk 


Specific 
Gravity. 


1.062 
I. 217 
1. 84 1 
1.200 
.800 
.870 
1.026 
1.032 


Weight 

per 

Cubic  Fool 

in  Pounds. 


66.4 

76.1 

115.1 

750 
50.0 

54.4 
64.1 

64.5 


GASES. 

At  32°  F.,  and  under  a  Pressure  of  One  Atmosphere. 


Substance. 


Atmospherics  Air 

Carbonic  Acid 

Carbonic  Oxide 

Chlorine 

( )x yj^en 

Xitrojj^en 

Smoke  (bituminous  ciKi\) 

Smoke  (wood) 

♦Steam  at  212^  V 

Hydrogen 


Specific 
(Gravity. 


1. 0000 
1.5290 
.9674 
2.4400 
1. 1056 

.  1020 
.0900 
.4700 
.0692 


Weight 

|)er 

Cubic  Foot 

in  Pounds. 


.08073 
•12344 
.07810 
. 19700 
.0S925 
.07860 
.00815 
.00727 
.03790 

.00559 


*  The  specific  j^ravily  of  sloani  at  any  temperature  and  pressure  com- 
pared with  air  at  the  same  temperature  and  pressure  is  0.622. 
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MISCELLANEOUS. 


Substance. 


Emery 

Glass  (average) 

Chalk 

Granite 

Marble 

Stone  (common) 

Salt  (common) 

Soil  (common) 

Clay 

Brick 

Piaster  of  Paris  (average) 
Sand 


Weight 


Specific 
Gravity. 

per 
Cubic  Foot 
in  Pounds. 

4.00 

250 

2.80 

175 

2.78 

174 

2.65 

166 

2.70 

169 

2.52 

158 

2.13 

^33 

1.98 

124 

1-93 

121 

1.90 

118 

2.00 

125 

1.80 

113 

Substance. 


HEAT  OF  VARIOUS 
SUBSTANCES- 


Water. . 
Sulphur 
I  ron .  . . . 
Copper  . 
Silver. .  . 

Tin 

Mercury 
Lead  . . . 


Sp.  Heat. 


1. 0000 
.2026 
.1138 

•095» 

•0570 
.0562 

'^^33 
•0314 


Substance. 


Ice 

Steam  (superheated) 

Air 

Oxygen  

Hydrogen 

Nitrogen 

Carbon  Monoxide... 
Carbon  Dioxide  .... 


Sp.  Heat. 


.5040 
.4805 

•2375 

•2175 
3.4090 

.2438 

.2479 

.2170 
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ANAIvYSES  OF  COAL, 


Pocahontas,  Va 

Connc'llsvilK;,  Pa 

Antliracitc,  S.  Wales 

Anthracite,  Pa 

Anthracite,  Pa 

Caking  Coal,  Kentucky 

Caking  Coal,  Nelsonville,  O.  .  . 
Caking  Coal,  South  Wales  .  .  .  . 
Caking  Coal,  Northumberland 

Non-Caking,  Kentucky 

Non-Caking,  l^lock  Coal,  Ind. . 
Non-Caking,  Hriar  Tlill,  ().... 
Non-Caking.  S.  StalTordshire.  . 

Non-Caking,  SiM>tland 

Cannel  Coal,  l^reckenridge.Ky. 

CanFiel  Coal,  Wigan,  iMig 

Cannel  C'oal,   "  'Porhanite  "  .  .  .  . 

Albc^rtite,  Nova  Scotia 

Hrown  Coal,  IJovey 

lirown  Coal,  Witlenl)ui\; 

Bi'own  Coal,  Carbi)n,  Wy 

Peat,  light  brown  (iFuperfect ).. 

Peat,  dark  brown 

Peat,  black 

Peat,  black 

Non-Coking,  I'oFi-Air,  Tenii... 
Coking.  Tracy  City,  'P«-nn 


Car- 
bon. 


Hydro-Carbons. 

—     — . Sulph.)   As)i. 


Hvtlro. 


Oxyj^. 


Xitro. 


TO      •-  T 
/  -.    /  i 

*)2.  5<> 

74-45 

73.80 

S'j.5() 

I   tS.Jm) 

I 

77.  S9 

S2.70 

!  7s., ^ 

7''-4'> 

-().oS 

! 


So.  07 


(J4.02 

S(t.o4 

()f).3i 

()4.o7 

75.20 

50.  S(. 

5'»-47 
5().  70 

?'>-7» 
5  "^ .  00 


3-33 
2.03 

2.43 
4-93 
5-  79 
5-3^' 

5-4-' 

4-77 
5.92 

4. '.2 


I  S  .  S  I 

3_Tj  ^ 

2.53  ' 
1. 61 

2.45 

13.0S 

10.5? 
8  '>'* 

10.07 
12.57 

9-  39 
11.50 

17-43 


o.  92 


531 

13-33 

''-49 

5- •'^3 

5-  53 

S.lo 

>.90 

q.()() 

1 

s.or. 


5 -^'3 
5 -"3 

I    4-74 

I 

I    5.>o 

(..52 

5.  70 


i.'<7 

22.  sr. 


27-55 


1.03 
T.52 
1.65 

-•  J*  / 
T.S2 

1.62 

I.5S 

2 .  (>« ) 

o  o  •- 
O        TO 

0.35 

2-93 

"-57 


1-37 


10.37 

42.57 
31.51 

33- ''4 

5-27_    32-*^ 

!    A'ola.  matter  37:/ 

l\'ola.  matter  29.30:^ 


2.51 


2.5U 


0.-9 

0-53 


0. 9 1 
0.41 


o.  75 


1. 51 

3.<K. 
0.45 

0.  5(1 

o.  ^^ 

1.23 

2.4,-. 

1.  50 

tracv: 

2.  3(» 


5. 19 
7.16 

1.5S 

O    Of 

^«  *  ^ 

I     ^.67 
I     5.OJ 

1.90 

t 
I 

I     1.36 

I      2.(H) 
I.o" 

I     1-45 

1-55 

I     i-9<> 

I2.v> 

I 

2.7'> 


-O.  ^« 


«..  1"J 


I         o    -f 


1. 1 1 


3--  i 

~.  2'.i 
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TABLES  AND  FORMULAS. 


CHEMICAL    ELEMENTS. 


Name. 

Symbtil 

Atomic 
Weiffht. 

Name. 

Symbol. 

Atomic 
Weight. 

*  Aluiiilnuin, 

.-//. 

27.4 

Mercury, 

^^' 

2oao 

♦Antimony, 

Sb. 

122.0 

*  Molybdenum, 

Mo. 

96.0 

*  Arsenic, 

As. 

75.0 

Nickel, 

Nt\ 

58.0 

Barium, 

Da, 

I37-0 

Niobium    (Col- 

Beryllium (Glu- 

umbium,  Cb.), 

Nb, 

94-0 

cinum,  Gi.), 

He. 

9.2 

Nitrogen, 

N, 

14.0 

Bismuth, 

Jii. 

210.0 

Osmium, 

Os. 

2oao 

Boron, 

B. 

II. 0 

Oxygfin, 

0, 

16.0 

Bromine^ 

Br. 

80.0 

Palladium, 

Pd. 

106.0 

Cadmium, 

Cd 

1 1 2.0 

*  Phosphorus, 

P. 

31.0 

Cxsium. 

Cs. 

133.0 

Platinum, 

PL 

197-4 

Calcium, 

Ca. 

40.0 

Potassium, 

K. 

39.1 

*  Carbon, 

C 

12.0 

Rhodium, 

Ro. 

104.0 

Cerium, 

Ce. 

91.3 

Rubidium, 

Rb. 

85-4 

Chlorine, 

a. 

35.5 

Ruthenium, 

Ru. 

104.0 

♦  Chromium, 

Cr. 

52.2 

Samarium, 

Sm. 

isao 

Cobalt. 

Co. 

O0.0 

Scandium, 

Sc. 

44-9 

*  Columbium  (Ni- 

* Selenium, 

S€. 

79.0 

obium,  Nb.), 

Cb. 

94.0 

*  Silicon, 

Si, 

28.0 

Copper, 

Cu. 

634 

Silver, 

A^. 

108.0 

Decipium, 

Dp. 

159.0 

Sodium, 

Na. 

23.0 

Didymium, 

I). 

95.0 

Strontium, 

Sr. 

S5.0 

Erbium, 

K. 

112  6 

1  *  Suipiiur, 

S. 

32.0 

Fluorine^ 

F. 

19.0 

♦Tantalum. 

Ta. 

182.0 

Gallium, 

Ga. 

6<;.S 

♦Tellurium, 

TV. 

128.0 

Glucinum  (Beryl- 

Terbium, 

Tb. 

754 

lium,  Be.), 

Gl. 

9.2 

Thallium, 

TL 

204.0 

♦Gold, 

An. 

197.0 

Thorium, 

Th. 

11S.4 

*HydroK©"» 

H. 

I.O 

♦Tin, 

Sn. 

11S.0 

Indium, 

In. 

II3-4 

♦Titanium, 

Ti. 

5ao 

Iodine, 

I. 

127.0 

♦Tungsten, 

W. 

184.0 

Iridium, 

Ir. 

198.0 

♦  Uranium, 

U. 

i2ao 

Iron, 

Fe. 

56.0 

Vanadium, 

V. 

51-3 

Lanthanum, 

In. 

92.0 

Ytterbium, 

Vb. 

173.0 

Lead, 

Ph. 

2(;7.o 

Yttrium, 

v. 

89.0 

Lithium, 

Li. 

7.0 

Zinc, 

Zn. 

65.0 

Magnesium, 

J/^. 

24.*) 

Zirconium, 

Zr. 

89.6 

•Manganese, 

Mn. 

!      55-'J 

1 

1 

1 
i 

♦Sometimes  basic,  sometimes  acid. 

Note. — Heavy-faced  type  indicates  the  elements  of  most  importance 
to  the  student  of  this  subject.  Basic  elements  are  printed  in  common 
type;  acid  elements  in  Italics. 
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MISCELLANEOUS  TABLES. 


HEAT   OF   COMBUSTION   OF   VARIOUS 

SUBSTANCES. 


Substance. 

British  Thermal  Units 
(per  Pound). 

Hydrogen  Gas  {H ) 

Marsh-eras  (CH  \ 

62,000 

23,500 

4,300 

15,230 

14.400 

Carbonic  Oxide  Gas  (CO). . . 
Anthracite  Coal 

Bituminous  Coal 

Coke 

12,600 

Wood  (ordinary) 

5,000 

RATES   OF   DIFFUSION   OF   GASES. 


Gas. 


Hydrogen 

Marsh-gas 

Carbonic  Oxide 

Nitrogen 

Oxygen.. 

Sulphureted  Hydro- 
gen  

Carbonic  Acid 


Density, 

or  Specific 

Gravity. 

Square 
Root  of 
Density. 

I 

|/ Density. 

.0693 

•5590 
.9670 

•9713 
1. 1057 

1.1912 
1. 5291 

.2632 

.7477 

9^34 

.9855 
1-0515 

1. 0914 
1.2366 

3-7987 

1-3375 
1. 0169 

1. 0147 
•9510 

.9163 
.8087 

Velocity  of 

Diffusion. 

Air  =  I. 

3-830 

1.344 
1. 015 

1. 014 
•949 

.950 
.812 
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TABLES   AND   FORMULAS. 


EXPLOSIVES. 


Explosive. 

Temperature 

of  the 
Explosion  (P.). 

Products  of  Explosion. 

Ruptive  Pressan 

Combustible. 

Incombustible. 

(Pounds  per  Sq.  li 

Blasting  Powder. . 
Nitroglycerine  . . . 

Dynamite 

Blasting-gelatine. . 

Gun-cotton 

Tonitc 

2,000^  to  3,600'' 

5.740' 
5.280° 
5.830° 
4,800° 
4.800° 
3.800° 

42  per  cent. 

0  per  cent. 

0  per  cent. 
46  per  cent. 
6i  per  cent. 

8  per  cent. 

0  per  cent. 

0  per  cent. 

0  per  cent. 
41  percent. 

58  per  cent. 
100  per  cent. 
100  per  cent. 

54  per  cent. 

39  per  cent. 

92  per  cent. 
100  per  cent. 
100  per  cent. 
100  per  cent. 

59  per  cent. 

12,400  to  20,50 
152,640 
48,000 

90.000  to  ioo,a 

Roburitc 

Ammonite 

Securitc 

Carbonite 

ILLUMINATING    POW^ER    OF    SAFETY-LAMPS. 


Name  of  Lamp. 


Davy 

Geordy 

Clanny 

Mueseler 

Evan  Thomas 

Marsaut,  3  gauzes 

Marsaut,  2  gauzes 

Howat's  Deflector 

Ashworth-Hepplewhite-Gray 


Illuminating  Power 

of  Lamp,  with  a 

Candle  Taken  as  i, 

or  Unity. 
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BMPERATURB   OF   COMBUSTION   OP  VARIOUS 

GASES. 


Marsh-Gas 

Ordinary  Illuminating  Gas. 

Carbonic  Oxide  Gas 

Hydrogen 


Temperature  of 
Combustion  (F.). 


,184° 


HEAT,  VOLUME  OF  GAS,  AND  EXPLOSIVE 
FORCE  OF  PROMINENT  EXPLOSIVES. 


Substance. 

Heat. 

Volume  of  Gas. 

Estimated 

Explosive 
Pnrce. 

5'° 
608 
641 

764 

97/ 

687 

S78 

1,420 
1,424 
1,420 

0.173  liter" 
0.225  ''te"" 
o,2i6  liter 

0.248  liter 

0.3.8  liter 
0.801  liter 
0.780  liter 
0.585  liter 

0.484  liter 

0,408  liter 

0.337  liter 
0.7  to  liter 

137 
'39 

190 

309 
472 
536 

Powder,  nitrate  of  soda  for 

Powder,  chlorate  of  jwitash 

Gun-cotton,  mixed  with 
chlorate  of  potash 

Picric  acid,  mixed  with 
chlorate  of  potash 

Picrate,  mixed    with   chlo- 

6S0 
478 

*A  li'ter  is  equal  to  bi.u27oji  cubic  inches. 


^ 
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HBATING  SURFACB,  GRATE    AREA,  AND 

HORSEPOWER. 


Type  of  Boiler. 

Heating  Surface 
Horsepower 

Heating  Surface 
Grate  Area 

Plain  Cylindrical 

Flue 

6  to  lo 
8  to  12 

14  to  18 

15  to  20 
10  to  12 

I  to    2 

12  to     15 
20  to     25 
25  to     35 
25.  to     30 
35  to    40 
50  to  100 

Return-Tubular 

Vertical 

Water-Tube 

Locomotive 

COEFFICIENTS  OF  FRICTION. 


Description  of  Surfaces 
in  Contact. 


Oak  on  Oak 

Oak  on  Oak 

Wrought  Iron  on  Oak 

Wrought  Iron  on  Oak 

Cast  Iron  on  Oak 

Cast  Iron  on  Oak 

Wrought  Iron  on  Cast  Iron  . 
Wrought  Iron  on  Bronze. . . . 
Cast  Iron  on  Cast  Iron 


Disp>osition 
of  Fibers. 


Parallel 
Parallel 
Parallel 
Parallel 
Parallel 
Parallel 


State  of  the 
Surfaces. 


Dry 
Soaped 

Dry 
Soaped 

Dry 

Soaped 

Slightly 

Unctuous 

Slightly 

Unctuous 

Slightly 

Unctuous 


Coefficient 

of 
Friction. 


48 
16 
62 
21 

49 
19 

18 
,18 

15 
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CONSTANTS    USED    IN    DETERMINING    M.  E.  P. 


Cut-<yff. 

Constant. 

Cut-off. 

Constant. 

Cut-off. 

Constant. 

% 

.566 

3^ 

.771 

Yi 

.917 

Vs 

.603 

.4 

.789 

•7 

.926 

% 

•^>59       1 

V^ 

.847 

y^ 

.937 

•3 

.708       ' 

.6 

.«95 

.8 

.944 

Yi 

•743 

5^ 

.904 

'A 

•951 

CONSTANTS  FOR  CAST-IRON  PILrLARS. 


Cross-section  of  Pillar. 


w. 

m 


Round. 

Square  or 
Rectangle. 

Thin  Square 
Tube. 


'-^      Thin  Round 
Tube. 

—2^      Angle  with 


Equal  Sides. 

I^d-^      Cross  with 
Equal  Arms. 


I  Beam. 


When  Both 

Ends  of  the 

Pillar  are  Flat 

or  Fixed. 


281 . 25 


375 -oo 


750.00 


When  One  End 

of  the  Pillar  is 

Flat  or  Fixed, 

and  the  Other 

Round  or 

Movable. 


187.5 


250.0 


500.0 


37 


5^>2.5o 


I.S7.50 


187.50 


// 


375 -o 


125.0 


125.0 


A 


5  X  -^-j.  250  X  ;p:p^. 


When  Both 

Ends  of  the 

Pillar  are 

Round 

or  Movable. 


140.625 


1 87. 500 


375.000 


281.250 


93-750 


93.750 


/i 


'^5Xj+^ 
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CONSTANTS  FOR  LINE  SHAFTING. 


Material  of  Shaft- 

No  Pulleys 
Between  Bearings. 

Pulleys  Between 
Bearings. 

Steel  or  Cold-Rolled  Iron 
Wrought  Iron ....      .... 

Cast  Iron 

65 

70 

90 

85 
95 

120 

CONSTANTS  FOR  WROUGHT-IRON  PILLARS. 


Cross-section  of  Pillar. 


li-il-^ 


wtf4 


o 


When  Both 

Ends  of  the 

Pillar  are  Flat 

or  Fixed. 


Round. 

Square  or 
Rectangle. 

Thin  Square 
Tube. 

Thin  Round 
Tube. 

Angle  with 
Bqual  Sides. 

Cross  with 
Equal  Arms 

I  Beam. 


2,250 


3,000 


6,000 


4,500 


1,500 


1,500 

A 
^,000  X  -n — J. 


When  One  End 
of  the  Pillar 

is  Flat  or  Fixed. 

and  the  Other 
Round  or 
Movable. 


1,500 


2,000 


4,000 


3,000 


1,000 


1,000 


2,OOOX 


^. 


i+B 


When  Both 

Ends  of  the 

Pillar  are 

Round  or 

Movable. 


1,125 


1,500 


3,000 


2,250 


750 


750 
i,5ooX^, 
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CONSTANTS  FOR   WOODEN  PILL.AR9. 


Cross-seclian  uf  Pillar, 

When  Both 
Ends  of  the 
Pillar  are  Flat 

When  One  End 
of  the  Pillar  is 
Flat  or  Filed. 
and  the  Other 

When  Both 
Ends  of  the 
Pillar  are 
Round  or 
Movable. 

or  Piled. 

Round  or 
Movable. 

r*"l 

i 

Round. 

'87-5 

125.00 

93-75 

CI  r" 

-i   Square 

BK 

jt  or  Rect. 

166.66 

115.00 

IP 

^  angle. 

f-a-i 

Hollow 

H 

Square 
Made  of 

Soo.o 

333.33 

aSo.M 

Boards. 

CONSTANTS    FOR    TRANSVERSE  STRENGTH  OF 
BEAMS. 


Mater  [als. 

Safe  Trans- 
Strength  in 
Pounds, 

Materials. 

Safe  Trans- 
Strength  in 
Pounds. 

Metals: 

Woods: 

3S 

4S 
30 

50 

160 

55 

Ash     

Hickory 

Oak  (American) 

Pine  (Pitch) 

Pine  (White)... 

45 
40 
30 
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TENSILE  STRENGTHS  OF  MATERIALS. 

Materials. 

Breaking  Stress 

in  Pounds  per  Square 

Inch. 

Working  Stress 

in  Pounds  per  Square 

Inch. 

Timber 

10,000 
16,000 

50,000 
70,000 

600  to     1. 200 

Cast  Iron 

1,500  to    3,500 
5,000  to  12,000 
6,000  to  13,000 

Wrought  Iron 

Steel 

CRUSHING  STRENGTHS  OF  MATERIALS. 


Materials. 


Cast  Iron.  . . . 
Wrought  Iron 
Mild  Steel  . . . 
Cast  Copper  . 
Cast  Brass.  . . 
Timber  (dry). 

Brick 

Stone  


Crushing 
Strength  in 

Tons  per 
Square  Inch. 


40.0 
18.0 
26.0 

5-0 

4.5 

3-5 
i.o 

30 


SHEARING  STRENGTHS  OF  MATERIALS. 


Materials. 

Greatest  Shearing 

Stress  In  Pounds  per 

Square  Inch. 

Safe  Shearing  Stress  in 
Pounds  per  Square  Inch. 

Cast  Iron 

18,000 
40,000 
60,000 

1,500  to     3,000 
4,000  to  10,000 
5,000  to  12,000 

Wrought  Iron 

Steel 
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COMPOSITION   OF   FUELS. 


Wood  (mean  of  several 
analyses) 

Peat 

Lignite 

Ten-yard  seam  of  S. 
Staffordshire  (Bitu- 
minous)   

Steam  Coal : 

Anthracite 


Carbon. 

lOO 

lOO 

lOO 

lOO 

lOO 

lOO 

Hydrogen. 

Oxygen. 

12. l8 

83.07 

985 

55.67 

8-37 

42.42 

6. 12 

21.23 

5-91 

18.32 

2.84 

1-74 

♦Disposable 
Hydrogen. 


1.80 
2.89 

3- 07 


3.47 
3.62 

2.63 


♦Disposable  Hydrogen  is  that  portion  of  hydrogen  available  for 
heating  purposes  in  fuel,  which  is  in  excess  of  the  quantity  required 
to  form  water  with  the  oxygen  contained  in  the  coal. 


SPACING   OF    LINE-SHAFT   BEARINGS. 


Diameter  of  Shaft  in 

Distance  Between 

Bearings  in  Feet. 

Inches. 

Wrought-Iron 
Shaft. 

Steel  Shaft 

2 

II 

H.50 

3 

13 

U'75 

4 

15 

^5-75 

5 

17 

18.25 

6 

19 

20.00 

/ 

21 

22.25 

8 

23 

24.00 

9 

25 

26.00 
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TABLE   FOR    FINDING    THE    FIFTH    ROOT   OF   A 

NUMBER. 

(Art.  lOOO.     §G.) 


1 

2 

3 

4 

1 

1 

2 

3 

-I 

l.O 

.100 

.5000 

1. 0000 

5-6 

17.6 

491.7 

5,507-3 

I.I 

.133 

.7321 

1. 6105 

5-7 

18.5 

527.3 

6,016.9 

1.2 

.173 

1.037 

2.48S3 

5-8 

19.5 

565.8 

6,563.6 

13 

.220 

1.428 

3-7129 

5-9 

20.5   . 

605.9 

7,149-2 

1.4 

.274 

1. 921 

5-3782 

6.0 

21.6 

648.0 

7,776.0 

15 

.338 

2.531 

7-  5938 

6.1 

22.7 

692.3 

8,446.0 

1.6 

.410 

3-277 

10.486 

6.2 

23.8- 

738.8 

9ri6i.3 

1-7 

.491 

4.176 

14.199 

6.3 

25.0 

787-6 

9,924.4 

1.8 

.583 

5.249 

18.896 

6.4 

26.2 

838.9 

10,737 

1.9 

.686 

6.516 

24.761 

6.5 

27.5 

892.5 

11,603 

2.0 

.800 

8.000 

32.000 

6.6 

28.7 

948.7 

12,523 

2.1 

.926 

9.724 

40.841 

6.7 

30.1 

1,007 

13.501 

2.2 

1.06 

11.71 

51-536 

6.8 

31-4 

1,069 

14,539 

2.3 

1.22 

13.99 

64363 

6.9 

32.9 

1. 133 

15,640 

2.4 

1.38 

16.59 

79.626 

7.0 

34.3 

1,201 

i6.8c7 

2-5 

1.56 

1953 

97.656 

7-1 

35.8 

1,271 

18,042 

2.6 

1.76 

22.85 

118.81 

7-2 

37.3 

1.344 

19.349 

2-7 

1.97 

26.57 

143-49 

7.3 

38.9- 

1.420 

20,731 

2.8 

2.20 

30.73 

172.10    . 

7.4 

40.5 

1.499 

22,190 

2.9 

2.44 

3536 

205. 1 1 

7-5 

42.2 

1.582 

23.730 

3.0 

2.70 

40.50 

243.00 

7.6 

43-9 

i,66S 

25.355 

31 

2.98 

46.18 

286.29 

7-7 

45.7 

1,758 

27,068 

3.2 

3-28 

52.43 

335-54 

7.8 

47.5 

1,851 

28,872 

3-3 

3.59 

59.30 

391.35 

7-9 

.49-3 

1,948 

30.771 

3-4 

3-93 

66.82 

454-35 

8.0 

51.2 

2,048 

32,768 

3-5 

4.29 

75-03 

525.22 

8.1 

53-1 

2,152 

34.863 

3.6 

4.67 

83.98 

604.66 

8.2 

551 

2,261 

37.074 

3.7 

5.07 

93-71 

693.44 

8.3 

57.2 

2.373 

39.390 

3.8 

5.49 

104-3 

792.35 

8.4 

59-3 

2,489 

41,821 

3.9 

5.93 

115.7 

902.24 

8.5 

61.4 

2,610 

44.371 

4.0 

6.40 

128.0 

1,024.0 

8.6 

63.6 

2,735 

47.043 

4.1 

6.89 

141.3 

1,158.6 

8.7 

659 

2,864 

49.842 

4.2 

7.41 

155-6 

1.306.9        1 

8.S 

68.1 

2,998 

52,773 

4.3 

7.95 

170.9 

1.470. 1         ; 

8.9 

70.5 

3,137 

55.841 

4.4 

8.52 

187.4 

1.649.2 

9.0 

72.9 

3.2S1 

59.049 

4-5 

9. 1 1 

205.0 

1.8.45.3 

9.1 

75-4 

3.429 

62,403 

4.6 

9-73 

223.9    ' 

2,059.6 

9.2 

77-9 

3.582 

65,908 

4.7 

10.4 

244-0 

2,293.5 

9-3 

80.4 

3.740 

69, 569 

4.8 

1 1;  I 

265.4 

2,548.0 

9-4 

83.1 

3.'/>4 

73,390 

4.9 

II.8 

288.2 

2,824.8 

9-5 

85.7 

4,073 

77.373 

5.0 

12.5 

312.5 

3,125.0 

9.6 

8S.5 

4.247 

81.537 

51 

13-3 

338.3 

3.450.3 

9-7 

91-3 

4.426 

S5.S73 

5.2 

14. 1 

365.6 

3,802.1         1 

9.S 

94.1 

4.f'i2 

(/).  392 

5-3 

14.9 

394-5 

4,182.0        1 

9.9 

97.0 

4.^03 

95,099 

5.4 

15.7 

425.2 

4, 591 -7 

1 0.0 

1 

luo.o 

5,<xxj 

l(MJ,iX)0 

5.5 

16.6 

457-5 

5,032.8 

1 
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WEIGHT   AND   BREAKING   STRENGTH   OF   IRON 

AND  STEEL  WIRE  ROPES. 


l^IRB  ROPKS,  19  l^IRBS  TO  THB  STRAND. 


Diameter 
in  Inches. 


I 

2 


Weight  in 
Lb.  per  Foot. 


0-35 
0.44 

0.60 

0.88 

1.20 

1.58 

2.00 

2.50 

3.00 

3- 65 
4.10 

5.25 
6.30 


Breaking  Load  in  Tons  of  2,000  Lb. 


Iron. 


3.48 
4.27 

5- 13 
8.64 

11.50 

16.00 

20.00 

27.00 

33- 00 
39.00 

44.00 

54.00 

65.00 


Cast  Steel. 


7.00 

9.00 

12.00 

18.00 

25.00 

33'^o 

42.00 

52.00 

63.00 

77.00 

86.00 

106.00 

125.00 


Plow  Steel. 


10.00 

13.00 

18.00 

27.00 

37.00 

47.00 

60.00 

75.00 

90.00 

110.00 

123.00 

157.00 

189.00 


WIUB  H(>1>KS,   7   \VIRK«  TO  THK  STRANU. 


Diameter 
in  Inches. 


9 


Weight  in 
Lb.  per  Foot. 


Breaking  Load  in  Tons  of  2,000  Lb. 


0.31 
0.41    ' 

0-57 
0.70 

0.88 

1. 12 

1.82 
2.28 
2.77 

3-37 


Iron. 

Cast  Steel. 

Plow  Steel. 

2.83 

6.00 

9.00 

4. 10 

8.00 

12.00 

5.80 

11.00 

16.00 

7.60 

14.00 

21.00 

8.80 

17.00 

25.00 

12.30 

22.00 

33-00 

16.00 

30.00 

45.00 

20.00 

36.00 

25.00 

44.00 

30.00 

52.00 

36.00 

62.00 
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FLAT-STBBL  ROPES. 


Size. 

Weight 

Breaking 

Size. 

Weight 

per  Ft. 

Strength. 

per  Ft. 

Inches. 

Pounds. 

Pounds. 

Inclics. 

Pounds 

H  X 

2 

1.27 

38,500 

y^x 

1 

3      i 

2.57 

M  X 

2j^ 

1-52 

46,000 

yi  X 

sH 

3.00 

fi  X 

3 

2.02 

61,000 

J4x 

4 

3-43 

H  X 

3^ 

2.28 

69,000 

><x 

4-r 

3.86 

H  X 

4 

2-53 

76,500 

'Vi  X 

s 

4.29 

}i  X 

4>2 

3- 04 

92,000 

'>^  X 

6 

515 

H  X 

5 

3- 29 

99,500 

y^x 

7 

6.01 

f8  X 

6 

4.05 

122,500 

yx 

8 

6.86 

>8  X 

4 

3.96 

143,000 

VaX 

5 

5.8r 

H  X 

4>^ 

4.62 

166,500 

Hx 

6 

7.74 

5^8  X 

5 

5.28 

190,500 

Hx 

7 

8.71 

H  X 

6 

6.60 

238,000 

Hx 

8 

9.68 

f6  X 

7 

7.26 

262,000 

Hx 

9 

1 1.62 

^  X 

8 

8.58 

309,500 

Hx 

10 

12.58 

^  X 

9 

9.24 

333,000 

Hx 

1 1 

13-55 

fi  X 

lO 

10.56 

381,000 

Hx 

12 

15-49 

Breaking 
Strength. 

Pounds. 

76,500 
89,000 
102,000 
115,000 
127,500 
153,000 
178,500 
204,000 

183,500 
245,000 

275,500 
306,000 
367,000 
398,000 
428,500 
489,500 


RBLrATIVB   SIZES   OF    SPIKES    AM>    UzVILS. 


Size  of  Spike 
in  Inches. 


4  y-yi 

4>4X>^ 

5  x>^ 


Weight  in  Pounds 

per  Yard 

of  Rails  Used. 


25 

35 

35  to  45 


Average  Number 

of  Spikes 
per  Keg  of  200  Lb. 


600 

525 
448 


50  TABLES  AND  FORMULAS. 

COST    OF    DIAMOND    DRILLING. 

The  cost  of  drilling  2,084  feet  of  hole  in  prospecting 
the  ground  through  which  the  Croton  Aqueduct  Tunnel 
was  to  pass  is  given  as  follows: 

814  ft.  of  soft  rock  (decomposed  gneiss),  in  which  an  average 
of  23.1  ft.  per  day  was  drilled,  at  a  cost  of  i5l.l5  per  ft. 

347  ft.  of  hard  rock  (gneiss),  in  which  an  average  of  11.1 
ft.  per. day  was  drilled,  at  a  cost  of  J3.97  per  ft. 

923  ft.  of  clay,  gravel,  and  boulders,  in  which  from  64  to 
9  ft.  per  day  were  drilled,  at  a  cost  of  14.07  per  ft. 

The  average  progress  per  day  in  drilling  the  entire  2,084 
ft.  was  10.2  ft.  per  day. 

In  the  Minnesota  Iron  Co. 's  mines  at  Soudan,  Minnesota, 
the  diamond  drill  is  used  for  drilling  holes  from  10  to  40  feet 
in  depth  in  the  back  of  the  stopes,  practically  all  the  work 
being  done  in  iron  ore.  The  average  cost  per  foot  of  drill- 
ing 13,512  feet  of  hole  was  1.7703,  which  was  divided 
as  follows : 

Carbons $.  3400 

Supplies,  oil,  etc 0700 

Fuel 0400 

Repairs 0500 

Labor 2  703 

Total *.  7703 

Tables  A  and  B  give  the  cost  of  boring  at  two  Michigan 
mines: 

TABLE    A. 

Islipcmin^,  MictiiKan. 


Total 

Ctjsi 

cost. 

jier  ft. 

400 J^  days  setter  at  $3.00 

* 

1200.75 

372        "     runner  '*    2.25 
230J4    **          **        *'    2.00 

837.00 
460.50 

►1^2,506.  10 

t60(] 

4)4    *'     laborer"    1.75 

7.85J 

Labor 


Carbon,  68^^  carats,  at  $15. 144 ^^>o35-47       --l^ 

Bits,  lifters,  shells,  barrels,  and  repairs....         433.81      .115 

Oil,  candles,  waste,  and  supplies 128.09      -^y- 

Estimated  cost  compressed  air 374.60      .100 

Total ^4,478.07  iT^: 
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Number  holes  drilled 28  . 

Drilled  in  hematite 193  feet. 

jasper 646    '  * 

**  mixed  ore 986    ** 

**  dioritic  schist 1,921     ** 

Total  drilling 3, 746  feet. 

No.  of  lo-hour  shifts  drill  was  running,  including 

moving  and  setting  up 603 

Amount  drilling  per  lo-hour  shift 6. 2  feet. 

TAULB   B. 

Underground  drilling 6,075  ^^^^• 

Surface  drilling 1,414    ** 

Stand-pipe  sunk 470    *  * 

Total  distance  run 7,959  ^eet. 

Actual  drilling  time  underground 672  shifts. 

**            **           **      on  surface 165      ** 

Time  of  foreman,  setter,  moving,  and  stand- 

piping 1,314      '* 

Total  time  worked 2,151  shifts. 

Av.  progress  per  man  per  shift 3.70  feet. 

**   drill     ''       ''      actually  run- 
ning   8.95     ** 

Weight  of  carbon  consumed 1 1  i.oo  carats. 

Dist.  drilled  per  carat  of  carbon  consumed  .  .  67.38  feet. 

Amount.  Per  Foot. 

Cost  of  carbon $51,887.00  *.  237 

**     **  supplies  and  oils i34-  '3  -017 

**     **  fuel 360.73  045 

**     **  shop  material,  etc 66336  .083 

Pay  roll 4,000.03  .502 

Total  cost <57,o45-  25         *•  884 


52 
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DIMENSIONS  AND  WEIGHTS  OF  BORING  TOOLS. 


Name. 

Length. 

Rope-socket, 

Sinker-bar, 

Jarsj 

Auger-stem, 

Bit, 

3  ft.  6  in. 
i8ft. 

7  ft.  4  in. 
30  ft. 

3  ft.  3  J»^- 

Diameter. 

Weight. 

80  lb. 

S'A  in. 

540  lb. 

5^2  in. 

320  lb. 

1,020  lb. 

140  lb. 

REQUIREMENTS   OF    A   GOOD   PERCUSSIVE 

MACHINE    ROCK-DRILL. 

Andr6  sums  up  the  requirements  of  a  good  percussive 
machine  rock-drill  as  follows : 

1.  It  should  be  simple   in    construction   and   strong   in 
every  part. 

2.  It  should  consist  of  few  parts,  and  especially  of  few 
moving  parts. 

3.  It   should   be   as   light   as   possible,    consistent    with 
strength. 

4.  It  should  occupy  as  little  space  as  possible. 

5.  The  striking  part  should  be  of  relatively  great  weight, 
and  should  strike  the  rock  directly. 

C.     No  parts  except  the  piston  and  bit  should  be  subject 
to  violent  shocks. 

7.  The  piston  should  have  a  variable  stroke. 

8.  The   sudden   removal  of   the    resistance   should    not 
cause  any  injury  to  any  part. 

9.  The  drill  should  be  rotated  automatically. 

10.  The  feed,  if  automatic,  should  be  regulated  by  the 
advance  of  the  piston  as  the  cutting  advances. 
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The  strontium  flame  is  intensi- 
fied when  the  heated  assay  is 
moistened  with  NCi  and  again 
ignited. 

The  calcium  flame  is  intensified 
as  above. 

Substance  When  Heated  Alone. 

Sodium  and  all  its  conipounds  give  an  in- 
tensely yellow  flame.     Even  considerable 
quantities  of  potassium,  when  present,  do 
not   interfere  with  the  reaction.      Much 
lithium,  however,  modifies  the  color  to  an 
orange-red. 

Potassium  and   all   its  compounds  ex- 
cept the  phosphates,  borates,  and  the  in- 
fusible silicates.     Very  small  quantities  of 
sodium  and  lithium  will  obscure  the  reac- 
tion.    In  such  cases,  by  viewing  the  flame 
through  a  sufficiently  thick  blue  glass,  the 
potash  flame  becomes  apparent,  the  glass 
having  the  power  of  intercepting  the  yel- 
low light  of  sodium  and  modifying  the  red 
of  lithium  to  violet,  while  the  potassium 
flame  appears  purplish-red. 

Carmine-Red.  Lithium  and  its  com- 
pounds. The  reaction  is  obscured  by 
much  sodium,  but  not  by  potassium.  In- 
visible through  green  glass. 

Crimson.  Strontium  and  its  salts.  Re- 
action is  masked  when  much  barium  is 
present. 

Yeiloivish-Red.  Calcium  (lime)  and 
most  of  its  salts.  Reaction  masked  by 
Ixirium  flame.  Not  to  be  confounded 
with  Htr«>ntiiii-n  fl.-imo. 
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Violet. 
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3  3 

•0 tiler  phosphates 
must  be  ptiwdered  and 
then  moistened  with 
H.SO,.  The  coloration 
is  often  but  momentary. 

tMoistened  with 
//,i"0.,when  powdered. 

Cs  an  intensely  Kreen 
e  which  lasts  but  a 
short    time    and    then 
changes  back  to  its  yel- 
lowish-green color. 

Velloivish-Green.  Barium  and  itsom- 
pounds.  silicates  excepted.  Reaction  is 
not  prevented  by  the  presence  of  lirae. 

rel/^'o/is/i-Green.  ^(olybdic  acid,  and 
also  oiide  and  sulphide  of  molybdenum. 

Green.  Metallic  copper  and  its  salts. 
Tellurous  acid. 

BiuisA-Green.  Phosphoric  add.  Many 
phosphates  give  this  reaction." 

Yellotuish-  (or  light-)  Green.  Boracic 
acid  and  borates-f 

Whitish-Green  (intense).    Metallic  ainc. 

Light-Blue.  Metallic  arsenic,  arsenates. 
and  arsenous  acid,  and  arsenides  of  bases 
which  do  not  themselves  color  the  flame. 

Greenish-Blue.  Metallic  antimonjr,  and 
the    sublimate    of    antimonous    acid    on 

A  sure  Blue.    Metallic  lead,  when  fused 

lie  copper  and   its  salts,  when  moistened 
with  hydrochloric  acid  (copper  chloride). 

Green. 

s 
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Uranium  and  Cerium 
enamel-yellow  by  flaming. 

Iron  recognized  by  R.  F. 
test. 

With   manganese,  violet 
hot  and  cold. 

With    Cobalt,    brownish 
cold;   violet  with    much 
Cobalt. 

With  Cobalt,  violet  hot 
and  cold. 
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Various  shades  of 
yellow,    green,    and 
blue,    according    to 
the  mixture. 
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Pale  rose. 
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Deep  yellow  to 
orange-red. 

Deep  yellow  to 
orange-red. 

Red  to  brown. 
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Violet 
(amethystine). 

Violet 
(amethystine). 
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Medium  to 
saturated. 

Medium  to 
saturated. 
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Nickel.                               Little  to  medium. 

Manganese.                                  Little. 
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Iron,  Uranium,  and 
Cerium. 
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Cobalt. 

Copper. 

Mixtures    of  Copper, 
Iron,    Nickel,    and    Co- 
balt. 
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Greenish-blue  when  high- 
ly saturated. 

With   much  appears 
black.     Same  in  R.  F. 

Nearly    same    as  borax, 
but  requires  more  oxide. 

Pale  greenish- 
yellow. 
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Yellow  to  almost 
colorless. 

Yellow  to  reddish- 
yellow. 
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Various  shades  of 
yellow,    green,    and 
blue,  according  to 
mixture. 
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Yellow  to  deep 
yellow. 

Deep   yellow   to 
brownish-red. 

Reddish  to 
brownish-red. 
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Little  to  medium. 
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Mixtures   of    Copper, 
Iron,    Nickel,    and    Co- 
balt. 
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Manganese. 

Didymium. 
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After     a 
strong     blast. 
assumes  a  fine 
blue  color,  the 
intensity  of 
which  is  prop- 
erly apparent 
only  on  cool- 
ing. 

With  a  little 

felble     bluish 
color,    becom- 
ing   black   or 
dark  gray  with 

thinnest  edges 
can    be   fused 
to  a   reddish- 
blue  glass  in  a 
vi-ryhoillamc. 

i 

So 

g  . 
II 

Si: 
1 

3 

Swells  a  lit- 
tle, forms  an 
infusible  com- 
pound,    and 
the  excess  of 
soda  goes  into 
the  coal. 

Dissolves 
with  lively  ef- 
fervescence to 
a  clear  glass. 

Dissolves 
slowly  to  a 
clear  glass 
that  is  always 
clear.    When 
much  is  added 
the      undis- 
solved part  be- 
comes  semi- 
transparent. 

Dissolves  in 
very  small 
quantities  to  a 
clear    glass. 
The  undis- 
solved portion 
becomes  semi- 
transparent. 

2£ 

U 

i 

Clj 
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Dis.iolvcH  sloiv- 
ly  to  a  clear,  dif- 
ficultly fusible 
glass.thatcannot 
be  made  o]>aque 
by  flaming. 
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on 

Is    reduced 
very  easily  on 
coat  in  either 
flame,  but  the 
metal   volatil- 
ises    immedi- 
ately, forming 
a    white   coat 
of   ojtide   of 
antimony. 

0.  F.     Dis- 
solves   with 
ebullition  to  a 
clear  glass,  on- 
ly slightly  yel- 
lowisl.     while 
hot. 

R.  F.      The 

saturated 
glass  becomes 
cloudy  on  C(»ai 
at  first,  after- 
wards clear  as 
the   SA  is   re- 
duced and  vol- 
atilizes.Treat- 
edwithtinthe 
glass  becomes 
cloudy  from 
rcducl-d   anti- 
mony, but  on 
longer     blow- 

produces  a 

grayish  cloud- 

vory' little  5* 
is  present. 

O.  F.    Dissolves 
largely  to  a  clear 
glass,     yellowish 
while  hot.  color- 
less on  cooling. 

R.  P.  The  class 
treated  only  for  a 
short  time   with 
IheO.  F.  becomes 
on  charcoal  gray- 
ish   and   clouded 
from  reduced  S^, 
but  this  after- 
wards volatiliiea, 
leaving    a    clear 
glass.     With  tin 
the  glass  becomes 
grayor  black,  ac- 
cording to  the  de- 
gree ut  salura- 

0.  F.     Is  dis- 
placed     and 
spreads    partly 
over    another 

spot. 

R.  F.      la  re- 
duced and  vola- 
tilised. tinEeine: 
the    flai^e    a 
grecniah-blue. 
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With  hydriodic  acid  the 
coal   becomes   while  when 
heated. 

In  the  presence  of  copper 
ornickel.  the  bead  must  be 
treated  on  charcoal  with  tin 
before  the  blue  color  is  dis- 
tinctly observed. 

O.F.    Insol- 
uble. 

R.F.  On  coal 

is  immed  Intel  V 
reduced   and 
volatiii.es. 
coating  the 
coal  with  red- 
dish-brown to 
dark-yellow 
oxide.     The 
more    remote 
portion  of  the 

^^rU  gated 
tarnish. 

On    coal    is 

gray  magnetic 
powder,  as- 
suming a  me- 
tallic luster  by 
friction. 

O.F.      Aawitll 
borax. 

R.  P.     The  ox- 
ide  dissolved    in 
the  bead  is  slowly 
and   imperfectly 

reduced  on  coal, 

slight  dark-yei- 
low    coat,    show- 
color  only  when 
cold.     Tin  accel- 
erates the  reduc- 

=lil.5sll  "^ 

mm  mi, 

^Sifiii'iiiii 

O.F.    Colors  very 
strongly;  the  glass 
is   pure   smalt-blue. 
both  hot  and  cold. 
The  strongly  satu- 
rated glass  isso  dark- 
blue  it  appears  black. 

R.F.    AsinO.F. 

Oncoal.inR.F., 
it  shortly  disap- 
pears and    coats 
the  surrounding 
coal  with  a  red- 
dish-brown to 
dark-yellow  coal. 
The  proper  color 
is  seen  when  cold. 
The  coal  beyond 

variegated    l  a  r  - 
nish. 

O.F.  Unchanged. 

R.F.    Shrinks 
somewhat,  and  is 
reduced,  without 
fusing,  to  metal, 
which  Is   mag- 
netic a  nd  assu  m  es 
a  metallic  luster 
when  rubbed  in 
the  mortar. 

Caumium. 

Cobalt. 
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The  usual  testa  for  nickel 
are  sufticient,  unless  it  is 
present  with  much  cobalt, 
in  which  case  a  saturated 
bead  is  fused  on  charcoal 
with  about  one  grain  of  fine 
gold.     The  oxide  of  nickel, 
with  a  little  cobalt,  is  re- 
duced to  metal  and  unites 
with  the  gold.    The  button 
is  then  freed  from  the  bead, 
and  treated  again  on  char- 
coal in  O.  F.  with  salt  of 
phosphorus.    The  first  bead 
will  probably  be  blue,  since 
cobalt  is  more    easily   oxi- 
dized,  in  which  case  the 
globule    is   successively 
treated  in  pure  beads  until 
the  nickel  reaction  is  plain- 
ly  visible. 

O.r.     Insol- 
uble. 

R.    F.       On 
charcoal  easily 

reduced    to 
small,    bril- 
liant, metallic 
particles 
which     are 
highly  mag- 
netic. 

O.F.    DisaolvcB 
to  a  reddish  glass 
which  becomes 

KHow  on  cool- 
j;  with  larger 
quantity  the  hot 
glass  is  brownish- 
red  and  becomes 
reddish-yellow  on 
R.F.    The  glass 
from  the  O.F.  is 
On  .charcoal, 
with  tin.  all  the 
v\Y  is  reduced 

11"                             1 

^111            ! 

0.  F.     Colors   in- 
tensely.    In  small 

Oie  glass  violet  while 
hot,  which  becomes 
pale  red-brown  on 
cooling:  with  more. 
thecolorsaredarker. 

R.  F.    The  glass 
becomes    gray    and 
turbid  from  separa- 
tion   of    metaTlic 
nickel.     By  long 
blowing  the  metallic 
particles  cohere,  and 
leave  the  glass  colur- 

less.      On  charcoal, 
with   tin  especiallv, 
the  reduction  is  more 

O.F.  Unchanged. 

R.F.     On  char- 
coat  is  reduced  tu 
metal.      The  co- 
herent metallic 
powdercan  notbe 
{used;  strongly 
rubbed  in  a  mor- 

metallic  luster, 
and    is    highly 
magnetic. 

Nickel. 

1 
1 
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1 

1 

■"iltmii 

On  coal  (uses 
with  eflcr- 
veseencc  at 

firBt.  but  after- 
wards is  ab- 
sorbed by  the 
coal  and  the 
greater  partis 
reduced    lo 
metallic  ^/P 
which  can  be 
obtained  as  a 
sieel-gray 
powder   by 
washmg  away 
the   particles 

1 
ji 

easily  to  a  ctesr 
glass,   which  is 
yeUowish-grecn 
while    hot.    if    a 
moderate  amount 
is  added,  but  be- 

colorless  on  ooof- 

On  coa  1  becom  e  s 
quite    dark,    and 
on  cooling  is  fine 
green. 

R.P.  The  glass 
becomes  quite 
dirty  green,   but 

With  tin  a  some- 
what    darker 
green. 

1 

O.F.    Dissolves 
easily  and  largely  to 
a  clear  glass,  yellow 
while  hot,  and  color- 
less on  cooling.     A 
■very  large  additiim 
produces  a  glass, 
darii-yclUiw  to  dark- 
red  while  hot.  and 
opaline  to  bluish- 
green  enamel  when 
cold. 

R,  F.     The  glass 
produced  in  the  O. 
F.  becomes  brown 
with   a   certain    de- 
gree of   saturation, 
and  with  more,  is 
opaque.     In  a  good 
flame  black  flocks  of 
Afo  separate  and  can 
be  seen  in   the  yel- 
lowish glass  when 
mashed  flaL 

1^  - 

p 

< 

O.  P.     Fuses. 

spreads  out,  vola- 
tilizeB.and  forms, 
at  a  certain  dis- 
tance, a  yellow- 
ish,    pulverulent 
caat.  consisting 
of  small  crystals 
nearest  the  assay. 
Thecoatbacoines 
white  on  c-wlinK. 
and   the  crystals 
colorless.    Be- 
yond this  a  thin, 
non-volatile  coat 
of    oxide    forms, 
which,    on    cool- 
ing, is  dark  cop- 
per-red. and  has 
a  meUillic  luster. 
R.F.The  great- 
er part  sinks  into 
the  coal,  and  can 
be   reduced   to 
metal  with  a  hot 
flame.    Ilappears 
as  a  gray  powder. 

i 
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When  silver  i»  combined        r      ^^^H 
withlargcquantilie^of  lead        >     ^^^^| 
or  bismuth,  etc.,  ithad  best        ^     ^^^^| 
be  fused  to  a  button  with                ^^^^| 
the  addition  of  some  test              ^^^H 
lead  and  borax  glass,  and              ^^^^| 
the   resulting   buMon                ^^M 
cupelled  in  a  bone-ash              ^^^H 

'■ 

i 

On  charcoal 
is  reduced  and 
volalili:ccd 

with  the  for- 

coal   of  tellu- 
roua  acid. 

ately  reduced ; 
fuses  to  metal - 
lie    globules, 
w  h  i  le      the 
soda    IS    ab- 
sorbed by  the 
charcoal. 

1 

O.F.     Both  the 
oxide    and    the 
metal  yield  a  yel- 
lowish glass.     A 
highly   saturated 
bead      appears 
opaline   on   cool- 
ing.    Up  color  is 
yellow     by    day- 
light, and  "red  by 
candle-light. 

R-  F.     M  with 
borax. 

fill     i6-i»iHsi 

ill.    ^Sl1=^1l5% 

O.F.   lapartlydis- 
solved,    and    partly 
reduced  to  metal 
The  glass  on  cooling 
becomes  opaline    or 
milk-white,   accord- 
ing to  the  degree  of 
saturation. 

R.   F.     The   glass 
from  the  O.   F.   be- 
comes at  first  gray 
from    separation   of 
metal,    then   clear 
and  colorless,  ail  the 
silvcr-separatingand 
fusing  to  a  globule. 
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O.F.  On  char- 
coal soluble 
with    effer- 
vescence to  a 
dark  yellow 
glass,    which, 
on  c  o  o  1  i  n  g, 
crystallizes, 
with  the  pro- 
duction of  so 
much    heat 
that  the  glob- 
ule     becomes 
again,of  itself, 
white  hot. 

When    fully 
cold  the  glass 
is  w  h  i  t  e    or 
grayish. 

R.  F.  As  in 
0.  F.    No  re- 
d  u  c  t  i  0  n  to 
metal  is  ac- 
complished. 
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Reddish  color  or        "^  ^^| 
tarnish,  and  blow-             ^^^^1 
pipe  reactions.                  ^^H 

I 

B.     B.   on    charcoal. 
fuses  to  a  globule. 
When  roasted,  gives  re- 
actions   for    nickel    in 
the  beads,  and  is  mag- 
netic.    In    open    tube, 
sulphurous  fumes.  Sol- 
uble in  nitric  acid. 

B.    B.    on    charcoal. 
gives    arsenical     odor. 
fuses   to  a  globule, 
which    treated    in    the 
beads    gives    reactions 
for  nickel,  cobalt,  and 

open  tubes,   reacts  for 
arsenic.     Soluble   in 
nitric  acid,  giving  pink 
solution. 

B.     B.    on    charcoal. 
gives  off   sulphur  and 
arsenic  and  fuses  to  a 
globule,  which  gives  re- 
actions in  the  beads  for 
cobalt.      Unaltered   in 
closed    tube;    in    open 
tube,  gives  reactions  for 
sulphur  and  arsenic. 
Soluble  in  warm  nitric 
acid,   with  separation 

sulphur. 

•<P 

-Cm  "-"=-- 

l 

■i 

I 
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I 

•i 

Color:  Brass- 
yellow. 

Streak;  Yel- 
low, bright. 

Luster:  Uetal- 

Color:  Tin- 
white. 

Streak,  Gray- 
ish-black. 

Luster:  Metal' 
lie. 

Color:  Silver- 
white  to  red- 
dish. 

Streak:  Gray- 
ish-black. 

Luster:  MeUl- 
lic. 

Millerite 

11 
If 

Cobaltite 

(sulphide  and 

arsenide) 

/■       Mil— VI 
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Perfect  cleavage 
and  often  needle- 
likeor  bladed 
crystals  of  a  steel- 
gray  color. 

Extreme  fusibil- 
ity and  blowpipe 
reactions. 

Blowpipe    reac- 
tions. 

i 

1 

s 

1 

B.    B.     on   charcoal, 
fuses  at  I,  spreads  out 
and    givea    sulphurous 
and  antlmoQOus  fumes, 
coating  the  coal  white; 
this  coating,  treated  in 
the  R.   F-.   tinges  the 
flame  greenish -blue.   In 
open    tube,   gives    sul- 
phurous   and    antimo- 
Tious  fumes,  the  latter 
condensing   in  a.    non- 
volatile  white   sabli- 
mate.     When  pure. 
perfectly  soluble  in 

iva. 

:i.  D.  acta  like  limon- 
ite.    Bauiite  ia  really 
a    limonite    in    which 
most  or  all  of  the  iron 
lias  been   rciilaceil  by 
aluminum.   Giveschar- 
acteristic  reactions  for 
aluminum,  iron,  silica. 

i 
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o, 
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■» 
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Color:    Lead- 
gray  to  black- 
ish-gray. 
Streak:   Same 

as  color 
Luster:  Metal- 
lic, shining. 

Color:    While 

to  brown. 
Strealc:  Same 

as  color. 
Luster:    Sub- 
mclalUc     to 
earthy. 
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From  carbonate  by 

its   failure   to    effer- 
vesce with  acids; 
from  barite  by  its 
lower  specific  grav- 
ity ;  by  color  impart- 
ed to  flame. 

ill 

Color  and    streak; 
in(usibHity  :     from 
molybdenite  by  giv- 
ing   no    aulphur  re- 
action. 

Frequently  d  e  c  r  e  p  i  - 
tates.      FusesatS.  fu^d 
mass    being   alkaline. 
Colors  the  flame  strontia- 
red.     Insoluble  in  acids. 

(See  Calcite.)  I-ike  cal- 
cite.    Attacked  but  little 
by  cold  acids.      Powder 
dissolves   with    efferves- 
cence in  warm  acids. 

Volatilizes  at  extreme 
temperatures  without 
flame  or  smoke.     Infusi- 
ble  and    unaltered  by 
acids. 

SrSO, 
(Strontium  sul- 
phate) 

(Calcium -mag- 
nesium carbonate) 

Pure  carbon,  with 
someironsesquidx- 
idt-  mixed  mechan- 
ically at  times. 
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Extreme  hardness, 
brilliant  luster,  etc. 

Same  as  for  corun- 
dum. From  spinel  by 
crystallizing   in 
rhombohedral  -  h  e  x  - 
agonal  system,  usual- 
ly  in   barrel-shaped, 
hexagonal,  prismatic 
crystals,  with  perfect 
cleavage,    sometimes 
basal  and  sometimes 
rhombohedral. 

• 

0. 

o 
« 

£ 

Burns  at  very  high  tem- 
peratures, and  is  wholly 
consumed,  producing  car- 
bon dioxide,  CO9.     It   is 
not  acted  upon  by  acids 
or  alkalies. 

Same   reactions  as  for 
corundum.  Infusible,  and 
insoluble  in  acids. 
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(Oxide  of  alumi- 
num =  alumina) 

• 
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Color,  Streak, 
and  Luster. 

Color:  Colorless; 
occa.sionally  yel- 
low, red,  green, 
blue,  and  even 
black. 

Streak :  Colorless. 

Luster:  Adaman- 
tine (brilliant). 

Color:  Generally 
blue;  also  red, 
yellow,  green, 
and  purple,  as 
described  under 
corundum. 

Streak :  Colorless. 

Luster:  Adaman- 
tine to  vitreous. 
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Sapphire 
(Corun- 
dum) 
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Distinguished  from 
apatite  by  its  hard- 
nVss,    not  being 
scratched  with  a 
knife;  from  topaz  by 
its    imperfect    basal 
cleavage  and  its  fusi- 
bility.   It  never  oc- 
curamassive. crystal- 
lizes in   hexagonal 
crystals.         Dis- 
tinguished from  ori- 
e  n  t  a  1    emerald    b  y 
crystal  form,   imper- 
fectcleavage, inferior 
hardness,   and    fusi- 
bility. 

B.  B.  alone,  unchanged 
or  becomes  clouded ;  al  a 
high   temperature    the 
edges  are  rounded  (fusi- 
bility =  5.."!).      Reaction 
for  chromium  in  borax 
bead,  due  to  the  presence 
of  chromium  as  an   im- 
purity li-hich  imparts  to 
the   mineral   its   green 
color.     Slowly  soluble  in 
salt  of  phosphorus,  with- 
out   leaving   a   silicious 
residue.     Unacted  upon 
by  acids. 

7.0—8 

Color:    Green  ; 

also  pale-blue 
and  yellow. 

Streak;  Colorless. 

Luster;  Vitreous 
to  resinous. 

lilt 
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Adamantine  luster 
hardness;  and  infiisi 
bility.    It  occurs  usu 
ally  in  square  oris 
matic  crystals  of  the 
tetragonal  system 
also  granular. 

4 
1 

U.    B.   infusible.      The 

coliirless  varieties  are  un- 
altered; the  red  becomes 
colorless;  while  the  dark- 
made  white.    Some  vari- 
eties glow  and  increase  in 
density  by  Ignition.    Not 
perceptibly  acted  upon  by 
salt  of   phosphorus.      In 
IKiwder,    is    decomposed 
with  soda  on  the  platinum 
wire,  and  if  the  product 
isdiss<ilved  in  dilute  HCl. 
it  gives  the  orange  color 
characteristic  of  lirconia 
when  tested  with  turmer- 
ic   paper.      In    powder, 
slightly  acted    upon  by 
sulphuric  acid.     Decom- 
posed by  fusion  with  the 
alkaline  carbonates  and 
bisulphatus. 

ZrSiO, 
(Zirconium  silicate) 

\ 
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Color  and  luster ; 
absence  of  cleavage; 
blowpipe    reactions: 
infusibility  :     and 
solubility  in  HCl. 

B.  B.  in  the  forceps,  be- 
comes brown  and  assumes 
a  glassy  appearance,  but 
does  not  fuse.   Colors  the 
flame  green ;     moistened 
with  hydrochloric,  acid, 
the  color  is  azure-blue, 
which  isdue  to  some  cop- 
per which  exists  as  an 
impurity.     In  the  beads, 
reacts  for  copper,     Witlj 
salt   of    phosphorus  and 
tin  on  charcoal,  gives  an 
rtl.iaque  red  bead  (copper). 
Ini  he  closed  ube, decrep- 
itates, yields  water,  and 
turnsbrown  or  black;  by 
adding  a  small  fragment 
of  metallic  magnesium  or 
sodium  to  theassay,  phos- 
phoreted  hydrogen  is 
{[ivenoff,  recognizable  by 
Its    disagreeable   odor. 
Soluble  in  hydrochloric 
acid. 
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GANGUE  MATERIALS. 


Acid. 

Basic. 

Silica,  uncombined;    as,  quartz 

Metallic  oxides  and  carbonates. 

crystals,   rock   quartz,   quartzite, 

notably    those    of    iron,   calcium 

sandstone,  etc. 

(lime),   magnesium,    and    manga- 

Silicates, or  silica,  combined  with 

nese. 

a  base ;   as,  feldspars,  mica,  clay. 

Fluorite,  or  fluor-spar  (calcium 

slate,  etc. 

fluoride). 

Rocks  in  which  silica,  either  free 

Barite,   or   heavy-spar   (barium 

or  combined,   predominates;    as. 

sulphate). 

granite,  quartz,  porphyry,  etc. 

Generally  speaking,  all  of  the 

Generally  speaking,  the  acidity 

metallic  elements  and  their  com- 

of a  gangue  is  due  to  silica. 

mon  salts,  with  the  exception  of 

silicates,  act  as  bases. 

FLUXES. 

I.BAD  FL.UXB8. 

The  following  fluxes  are  primarily  calculated  for  the  fire 
assay  of  lead  ores.  They  are  all  good  general  fluxes,  h<>w- 
ever,  and  any  one  may  be  used  as  the  basis  of  a  gold-silver 
crucible  flux,  merely  adding  litharge: 

I.      Sodium  bicarbonate 4  parts.* 

Potassium  carbonate 4  parts. 

Borax  glass 2  parts. 

Flour I  part. 

II.     Sodium  bicarbonate 13  parts. 

Potassium  carbonate 10  parts. 

Borax 5  parts. 

Flour 2^  to  4  parts. 

If  the  ore  contains  sulphur,  the  proportion  of  flour  may 
be  reduced,  or  for  heavy  sulphides  the  flour  may  be  omitted 
entirely.  From  1  to  4  tenpenny  nails  should  be  added  to 
the  charge  for  a  sulphide  before  the  salt  or  borax  cover. 

*In  all  Tables  of  Fluxes  in  this  volume,  the  proportions  of  the  con- 
stituents are  given  in  parts  by  weight. 
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GOLD  AND  aiLVBR  CRUCIBLE  FI.VXBS. 

IIL     Sodium  bicarbonate s  parts. 

Potassium  carbonate 4  parts. 

Borax 3  parts. 

Flour I  part. 

Litharge .  8  parts, 

IV.  Sodium  bicarbonate i  part. 

Borax  glass i  part. 

Litharge 5  parts. 

Ore 1  part. 

V.  Sodium  bicarbonate 3  parts. 

Litharge 5  parts. 

Borax 2  parts. 

Reducer  or  oxidizer,  as  in  IV.     Salt  cov( 


TABLES    USED    IN    ASSAYING. 


PROOF  ASSAY  CHAHGE9. 
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POWEH  OF  REDUCI?jO  AGENTS. 


REDticmo  Power  (im  Terms  oc  Parts  op  Metaluc 
Lead  Reduced  From  Litharge  by  i  Part  of 
THE  Reducer). 


1  part  of  ekiirciial 

will  reduce 

aa  toj 

parts  of  lead. 

I  part  of  hard  coal 

will  reduce 

=S 

parts  of  lead. 

1  part  of  coke 

will  reduce 

^4 

parts  of  lead. 

I  part  of  soft  coal 

will  reduce 

23 

parts  of  lead. 

I  part  of  wktat  flour 

will  reduce 

IS 

parts  of  lead. 

r  part  of  white  sugar 

will  reduce 

t4fi 

parts  of  lead. 

1  part  of  starch 

will  reduce 

l>ilo 

3  parts  o(  lead. 

X  part  of  gum  arable 

will  reduce 

11 

parts  of  lead. 

t  part  of  crude  argol 

Will  reduce 

%  tiiSji  parts  of  lead. 

t  part  of  cream  of  lart 

r  will  reduce 

4'i  to  C, 

^   parts  of  lend. 

Prbpahation  of  beagents. 

k    The  following  table  of  proportions  for  the  preparation  of 
nreagents  may  be  found  useful.     The  concentrated  acids  have 
not  been  included  in  the  table  on  account  of  the  fact  that 
they  are  used  as  received  from   the  supply  houses. 

Dilute   hydrochloric  J       One   portion    of  HCl   to  3    portions  of 
acid  (//CA  {  water  by  volume. 

Dilute    nitric   acid  J       One  portion  of  concentrated  HNOt  to 
{NllOti-  \  3  portions  of  water  by  volume. 

One  volume  of  concentrated  nitric  acid 
added  to  8  volumes  of  hydrochloric  acid 
forms  aqua  regia.  which  should  be  pre- 
pared only  as  required.  It  may  be  used 
either  concentrated  or  dilute. 

One  portion  of  concentrated  H,SOi  to 
4  portions  of  water  by  volume. 

Note. — Always  pour  the  concentrated 
acid  into  the  water,  and  never  water  into 
the  concentrated  acid.  The  union  of  sul- 
phuric acid  and  water  produces  heat,  and  if 
water  were  poured  into  the  acid,  an  explo- 
sion might  result. 

.    Note. — Some  chemists  use  1  portion  of 
concentrated  acid  to  4  portions  of  water 
r  nil  the  dilute  reagents. 


Nitro-hydrochloricacid 
(aqua  regia). 


Dilute   sulphui 


108 


TABLES  AND  FORMULAS. 


Dilute    acetic     acid 

Oxalic  acid   {H%CiOA\ 
Tartaric       acid 


Hydric-sulphide  or  sul- 
phureted  hydrogen 


Chlorine    or 
water  (67). 


chlorine 


One  portion  of  83^  acid  to  1  portion 
of  water  by  volume,  or  1  portion  of  glacial 
to  4  of  water. 

One  gram  of  the  crystals  to  10  c.  c.  of 
water,  which  makes  a  practically  saturated 
solution. 

One  gram  of  crystals  to  3  c.  c.  of  water. 

This  is  formed  by  treating  iron  sulphide 
{FeS )  with  sulphuric  acid.  If  iron  sulphide 
can  not  be  obtained,  it  may  be  prepared  by 
fusing  iron  nails  with  sulphur,  in  the  pro- 
portion of  about  1  part  by  weight  of  iron 
to  2  parts  by  weight  of  sulphur.  H^S  gas 
may  be  led  into  water  until  the  water 
is  saturated  and  the  saturated  water  used 
as  a  reagent.  The  water  should  be  kept  in 
colored-glass  bottles,  as  it  is  quickly  decom- 
posed when  exposed  to  the  light.  When  it 
is  desired  to  precipitate  any  substance 
from  the  solution  by  means  of  H^S,  it  will 
be  better  to  conduct  the  gas  itself  into  the 
solution  than  to  employ  water  charged  with 
the  gas,  on  account  of  the  fact  that  in  order 
to  add  a  sufficient  amount  of  gas,  it  would 
be  necessary  to  add  a  very  large  amount  of 
water,  thus  unnecessarily  increasing  the 
bulk  of  the  solution. 

Chlorine  may  be  generated  by  treating 
bleaching  powder  (chloride  of  lime,  CaOC/t) 
with  sulphuric  acid,  and  the  gas  may  be 
absorbed  in  water,  but  chlorine  water  must 
be  kept  in  a  colored-glass  bottle  or  in  the 
dark,  for  in  the  light  the  chlorine  will 
decompose  water  and  form  hydrochloric 
acid(//cy). 

Note. — Chlorine  gas  may  also  be  pre- 
pared by  mixing  50  grams  of  coarse  salt 
and  40  grams  of  f>owdcred  black  oxide  of 
manj^anesc,  and  adding  to  it  when  cold  a 
mixture  of  125  grams  of  concentrated 
sulphuric  acid  and  60  grams  of  water; 
shake  well  together  and  warm,  gently  col- 
lecting the  gas  as  it  comes  over  in  wat^r 
contained  in  a  black-glass  bottle. 
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Ammonium     chloride 


Ammonium  carbonate 


Ammonium    oxalate 

Plumbic  or    lead  ace- 
Ute  Pb{C^HtOi\. 

Potassium      chroma  te 

Potassium     cyanide 
(KCN). 

Potassium     hydrate 
(KOH). 


One  gram  of  the  crystallized  salt  to  8  c.  c. 
of  water. 

The  ordinary  commercial  carbonate 
(known  as  sesqui-carbonate)  produces  in 
solution  a  mixture  of  the  neutral  and  acid 
carbonates.  This  is  objectionable  when  the 
neutral  carbonate  is  to  be  used,  and  hence 
the  reagent  should  be  made  up  as  follows: 
Dissolve  the  crystallized  sesqui-carbonate 
in  the  proportion  of  1  gram  of  the  sesqui- 
carbonate  to  4  c.  c,  of  water  and  then  add 
1  c.  c.  of  concentrated  ammonium  hydrate 
(NH.OH). 

One  gram  of  the  crystallized  salt  to 
20  c.  c.  of  water. 

One  gram  of  salt  to  10  c.  c.  of  water. 


]       One  gram  of  salt  to  10  c.  c.  of  water. 

One  gram  of  salt  to  4  c.  c.  of  water. 

Note. — Great  care  should  be  taken  in 
handling  p>otassium  cyanide,  as  it  is 
extremely  poisonous. 

]       One  gram  of  salt  to  10  c.  c.  of  water. 
Potassium  iodide  (AV).  \       One  gram  of  the  salt  to  25  c.  c.  of  water. 


Potassium  ferricya- 
nide  KtFe{CN\. 

Potassium    sulphocya- 
nate  (KCNS), 

Potassium  ferrocya- 
nide  K^Fe{CN)i,, 


One  gram  of  the  salt  to  10  c.  c.  of  water. 

Dissolve   1   gram  of  the  salt  to  10  c.  c. 
of  water. 


Sodium      carbonate 
iNatCOt\ 


Sodium     hydrate 
{NaOH). 


I 

]       One  gram  of  the  salt  to  10  c.  c.  of  water. 

When  dry  sodium  carbonate  is  employed, 
1  gram  of  the  material  to  5  c.  c.  of  water 
makes  a  practically  concentrated  solution, 
while  if  the  crystals  are  employed,  it  would 
require  2.7  grams  to  5  c.  c.  of  water.  This 
is  on  account  of  the  fact  that  the  crystals 
contain  water  of  crystallization. 

One  gram  of  salt  to  10  c.  c.  of  water. 
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Ammonium     sulphide 


Barium     c  a  r  b  o  n  a  t  c 


T^  a  r  i  u  m 


hydrate 


B  r  o mine 
[/ir+JJ.,0). 


w  a  t  c  r 


Yellow  ammonium  sul- 
phide {NH^)%Si. 

Barium     chloride 


1 


\ 


Conduct  hydrogen  sulphide  gas  {H%S) 
into  a  bottle  two-thirds  full  of  concentrated 
ammonia  hydrate  {NH^OH)  until  it  is 
saturated,  which  is  indicated  by  the  bubbles 
coming  from  the  liquid  undiminished  in 
size.  Fill  the  bottle  with  concentrated 
ammonia  and  mix  it  thoroughly.  This 
stock  solution  should  be  kept  in  full,  tightly- 
stoppered  bottles,  and  the  bottles  should  be 
colored,  as  light  decomposes  the  ammonia 
sulphide.  Before  using,  the  stock  solution 
should  be  diluted  with  twice  its  volume  of 
water,  and  this  diluted  solution  should  be 
kept  in  the  ordinary  colored-glass  reagent 
bottle. 

This  is  made  by  adding  a  small  quantity 
of  flower  of  sulphur  to  common  ammonia 
sulphide  and  shaking  until  the  sulphur  is 
dissolved.  Enough  sulphur  should  be  added 
to  give  the  solution  an  amber  color. 

One  gram  of  the  crystallized  salt  to 
10  c.  c.  of  water. 

Barium  carbonate  may  be  prepared  by 
precipitating  a  pure  barium  chloride  solu- 
tion with  ammonium  carbonate;  then  wash 
on  the  filter  until  all  the  ammonia  salts 
have  been  removed.  The  wet  precipitate 
should  be  stirred  into  the  water  so  as  to 
form  a  thin  cream  or  emulsion.  It  should 
be  thoroughly  mixed  before  using. 

Barium  hydrate  may  be  prepared  by  dis- 
solving salt  in  the  proportion  of  1  gram  of 
salt  to  10  c.  c,  of  water.  This  should  be 
digested  or  heated  for  several  hours  and 
then  the  pure  liquid  filtered  off  and  kept 
in  a  well-stopp>cred  bottle. 

Bromine  water  may  be  formed  by  making 
a  saturated  solution  of  bromine  in  distilled 
water.  It  should  be  kept  in  a  tightly-stop- 
pered colored-glass  bottle  and  in  a  cool 
place.  When  opening  the  bromine  water 
in  warm  weather,  care  should  be  taken, 
for  there  is  liable  to  be  a  sudden  rush  of 
vapor  upon  withdrawing  the  stopper,  and 
this  vapor  is  not  only  disagreeable,  but 
somewhat  poisonous. 
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Calcium  hydrate  or 
lime-water  Ca{pH)^. 


Sodium 
(NaC^HtO^). 


acetate 


This  may  be  prepared  by  slacking  fresh 
quicklime  and  adding  a  large  quantity  of 
water  placed  in  a  large  glass  bottle,  and 
shake  well  several  times;  then  allow  to 
settle.  The  clear  solution  can  be  decanted 
off  and  used  as  a  reagent.  It  contains 
1  part  of  lime  and  several  hundred  parts 
of  water. 

]      One  gram  of  salt  to  10  c.  c.  of  water. 


Argenic  or  silver   ni-  {      ^  r     i*.  4.    ok  t *«.. 

,  ^    ^r^  ^  \      One  gram  of  salt  to  25  c.  c.  of  water, 

ate  (AgNOt).  \  ^ 


trate 


Stannous     chloride 
(SnCUy 


One  gram  of  the  salt  to  3  c.  c.  of  HCi 
and  8  c.  c.  of  water.  Metallic  tin  should 
be  kept  in  solution  and  should  be  kept 
from  the  air,  to  prevent  the  formation  of 
oxides. 


WEIGHTS  AND  MEASURES. 


(Eiis>U®^  and  Metric  Systems.) 


AVOIRDUPOIS   "WBIGHT. 

16  drams  (^r.) =    1  ounce 02, 

16  ounces =     1  pound lb. 

100  pounds =     1  hundredweight. .  .cwt. 


20cwt.,  or  2,000  lb. 


=     1  ton r.  = 


28.3495  g. 

453-5920  g- 
45-359  Kg. 
907.184  Kg. 


TROY    WEIGHT. 

24  grains  {gr,) =     1  pennyweight. .  . .  fiwt. 

20  pennyweights =     1  ounce oz. 

12  ounces =    1  pound lb. 


1.5552  g. 

31.1035  g. 

373.2419  g- 
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MEASURES    OF    LENGTH    {Me/ru). 

The   meter    is    the    unit   of    length,    and    is    equal   to 
39.37  inches,  nearly. 

lo  millimeters  {mm.) =  1  centimeter cm.   =  0.3937  in. 

10  centimeters =  1  decimeter dm,   =  3.937  in. 

10  decimeters =  1  meter m,  =  3.28  ft. 

10  meters =  1  dekameter Dm.   =  32.8  ft. 

10  dekameters =  1  hektometer Hm.  —  328.09  ft, 

10  hektometers =  1  kilometer Km.  =  0.62137011 

10  kilometers =  1  myriameter. ...  .Aim.  =  6.2137  ™J- 


MEASURES    OF    ^'EIGHT    (Me/rtc). 

The  sram  is  the  ;/;///  of  weight,  and  is  equal  to 
15.432  grains,  or  the  weight  of  a  cube  of  pure  distilled 
water  at  4°  C,  the  edge  of  which  is  one  one-hundredth 
(tJit)  o^  ^  meter. 

10  milligrams  {mg.).  =  1  centigram eg.  =      o.  15  gr. 

10  centigrams =  1  decigram dg,  =       i. 54  gr. 

lo  decigrams =  1  gram g.  =     1 5.432  gr. 

10  grams =  1  dekagram Dg.  =  154.32  gr. 

10  dekagrams =  1  hektogram Hg.  =       3. 53  oz. ,  avoir. 

u  1  *.  n   kilogram  )   ,^  .,  „ 

10  hektograms =  »  ...         ^  A  if.  or  A.   =       2.20  lb.,  avoir. 

(       or  kilo       )     "^ 

10  kilograms —     1  myriagrani Afjf.   =     22.05  lb.,  av<Mr. 


CUBIC    MEASURE    {Metric). 

1,000  cubic  centimeters  (c.  c.  or  cffi.^)  =  i  cubic  decimeter,  or  liter  (/.) 
I  liter  of  water  at  4'  C.  weighs  2.2  lb.,  avoirdupois. 
i,o<^xj  cubic  decimeters  =  i  cubic  meter  (cu.  m.),  or  kiloliier  (AV.). 
I  kiloliter  of  water  at  4    C.  weighs  22.04  cwt. 


ASSAY-TO.X  1^'EIGHTS. 

1/  //  '/>/  ■  "*  ^^^^y  ^^"^  -'  11^-66666  grams. 

^2  assay  tons  —    58.33333  grams. 

C'^ii't The  assay  ton  (./.  7\)  is  equal  to  29. 1O666  grams. 

\  assay  ton  =  9.7222  grams. 

Subdivisions J  «  ''**'^''>'  »""  ^-  •*•■''" '  Srams. 

^',5  assay  ton  =  2.9166  grams. 

2^0  assay  ton  =  1-4583  grams. 
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tf 
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Qmiil. 

A 

Quanl, 

A 

QuSol, 

i           QUBl.1. 

Quimt. 

Inches. 

E. 

HmU. 
Inthta, 

^l. 

HbixI. 

Jiri. 

il?"^  »ir; 

Head. 

^l. 

Cu.yt. 

Cu.Fl. 

Cu.  Fl 

Cu.  Fl, 

C«.  Ft. 

1.05 

0-3457 

J-S 

5.827 

5-45 

21.23 

7,65 

49.53 

9-65 

93-18 

0.3884 

3-30 

6.0S4 

5-50 

21.71 

7,70 

5^34 

•>-'P 

94-37 

I.15 

0.4340 

3-35 

6.285 

5.55 

7-75 

51,16 

9.95 

95- S& 

0.4927 

3-40 

6.533 

5.60 

=2.70 

7.80 

51.99 

96.77 

I.S5 

"■5345 

3.45 

6.765 

5,''5 

;3.S2 

7,S5 

53,  S3 

10.05 

97.98 

1.30 

0.5896 

3.50 

7.012 

5.70 

83.74 

7-90 

53- 67 

99-30 

1.35 

0.6480 

3-55 

7.366 

s-rs 

7-95 

54-53 

10.15 

100.43 

1.40 

0.7096 

3.60 

7,534 

5,80 

=4-79 

55-39 

101.67 

••-IS 

0-7747 

3,65 

7.7S8 

5.85 

35-33 

sios 

5 -..-6 

10.25 

102.9a 

1.50 

0.8433 

3-70 

8.058 

S.90 

=5.87 

57.14 

10.30 

104.18 

1-5S 

0-9IS3 

3-75 

8,33= 

5-95 

30.43 

8.15 

58.03 

10.35 

105.4s 

1.(0 

0.9909 

3-60 

8,613 

6.00 

36.98 

8.ao 

59-93 

10.40 

106.73 

1.65 

1,0700 

3.85 

8.B99 

6.(.S 

37-53 

59-8= 

10.45 

108.02 

1.70 

1-1530 

J.90 

g.l9r 

6.I0 

38.12 

8,30 

Co.  73 

10.50 

109.31 

1-7S 

1.1400 

3.95 

9-489 

6.15 

28.70 

8,35 

61.65 

10,55 

110.62 

I.30 

:.33o«> 

4.00 

9-793 

&.30 

29.28 

8.40 

62.58 

10,  to 

UI.94 

I.S5 

1.4240 

4.0s 

6.2s 

29.88 

8,45 

63-51 

.0,65 

113.36 

1.90 

1.5330 

4,10 

10.410 

0.30 

30-»8 

8. 50 

64.45 

10.70 

114.60 

"■95 

1.635" 

4-15 

10.730 

6.35 

31.09 

8.5S 

65.4' 

10.75 

iiS-94 

1.7310 

11.060 

6.40 

31-71 

8.60 

66.37 

10.80 

117-39 

3.05 

1.8410 

4-33 

11.390 

6-45 

32.33 

8.65 

67.34 

10. 65 

11B.6S 

I-9550 

4,30 

11- 730 

31.96 

B.70 

68.32 

10.90 

2-iS 

3.0740 

4,35 

12. 070 

6-53 

33.  (« 

8-75 

69.30 

10.95 

121.41 

3.i9to 

4,40 

12.420 

6.60 

34-24 

8.80 

70.30 

122.81 

2.2s 

3.3330 

4,45 

12.780 

6.65 

34.99 

8.S5 

71-30 

11.05 

124.21 

1.30 

3-4530 

4-50 

13.140 

6.70 

35.56 

S.90 

72.31 

125.61 

I- 35 

2.S9W 

4  55 

13,51" 

6.7s 

36.23 

8-95 

73-33 

11.15 

127.03 

5.40 

3.7300 

4,fo 

13.890 

6.80 

36.89 

9.00 

74-36 

128.45 

1.45 

2.8750 

4.6s 

14.270 

6.85 

37.58 

9.05 

75.40 

11.25 

139.90 

2.50 

3,0240 

4.70 

14.650 

6.90 

38.27 

9.10 

76-44 

11.30 

131.35 

3- 55 

3,1770 

4-75 

13.040 

6.95 

38.96 

9.15 

77-49 

ti.35 

133.81 

a.  60 

3.3350 

15.440 

7.C0 

39-07 

9.Z0 

79-55 

11.40 

134-27 

2.65 

3,4«8o 

4.85 

15.850 

7-"5 

40.38 

9' =5 

79- ("S 

■  1-45 

135.75 

3.70 

3.6660 

4.90 

16.360 

7.10 

41.10 

9.30 

Bo.  7 1 

11.50 

137-33 

a- 75 

3-83S0 

4,95 

16.680 

7-13 

41,83 

9-35 

81.  So 

11.55 

•38-73 

3.&0 

4.0140 

5.1X) 

17.110 

7.L0 

42.56 

9.40 

81.90 

11.60 

140.33 

3,85 

4.1960 

5-05 

17-540 

7,»S 

43-30 

9-45 

84.c,t 

i  11-65 

141.7s 

a.  90 

4.3820 

5-10 

17.970 

7,30 

44.06 

950 

85.12 

,  11,70 

i43.aB 

3.95 

4.5740 

5-15 

lS-420 

7-35 

44-83 

9.55 

86,24 

11.75 

144.S3 

3,00 

4,7700 

5.:o 

18.670 

7,40 

45-58 

9.60 

87-37 

ii,8o 

146.36 

3-'>5 

4.9710 

5-35 

19. 3  JO 

7.43 

46-36 

9,65 

88. 52 

11-85 

147.91 

3.:o 

5.1780 

5-3" 

19.790 

7.50 

9.70 

89.67 

1  11.90 

149.46 

3- '5 

5.38S0 

S-35 

30.360 

7-55 

47-93 

9-75 

90-83 

1  11,95 

151.05 

3-Jo 

5.6050 

5,40 

20.730 

T.to 

48.72 

.>8o 

92.  CO 

153-64 

■  cubic  toot  cnniBlnii  f.^i  V.  S.  icullon- ;  i  U.  S.  galliui  whsIu 

1- 
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VALUES  OP  THB  COBPPICIBIVT  OP  DI9CHARGB 
WBIRS  WITH  BND  CONTRACTIONS. 


POR 


Effective 

Head  in 

Feet. 


o.  lO 
0.15 
0.20 
0.25 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1. 00 
1.20 
1.40 
1.60 


Length  < 

3f  Weir 

in  Feet. 

0.66 

I 

2 

3 

5 

10 

19 

0.632 

0.639 

0.646 

0.652 

0.653 

0.655 

0.656 

0.619 

0.625 

0.634 

0.638 

0.640 

0.641 

0.642 

0.61 1 

0.618 

0.626 

0.630 

0.631 

0.633 

0.634 

0.605 

0.612 

0.621 

0.624 

0.626 

0.628 

0.629 

0.601 

0.608 

0.616 

0.619 

0.621 

0.624 

0.625 

0-595 

0.601 

0.609 

0.613 

0.615 

0.618 

0.620 

0.590 

0.596 

0.605 

0.608 

0.61 1 

0.615 

0.617 

0.587 

0-593 

0.601 

0.605 

0.608 

0.613 

0.615 

0.590 

0.598 

0.603 

0.606 

0.612 

0.614 

0-595 

0.600 

0.604 

0.61 1 

0.613 

0.592 

0.598 

0.603 

0.609 

0.612 

0.590 

0-595 

0.601 

0.608 

0.61 1 

0.585 

0591 

0.597 

0.605 

0.610 

0.580 

0.587 

0.594 

0.602 

0.609 

0.582 

0.591 

0.600 

0.607 
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TALUB8  OP  THB  COBFPICIBIVT  OF  DI8CHARGB  FOR 
^V^BIRS  WITHOUT  BND  CONTRACTIONS. 


Eflfective 

Length  of  Weir  in  Feet. 

W#»aH  in 

Feet. 

19 

10 

7 

5 

4 

3 

2 

O.  lO 

0.657 

0.658 

0.658 

0.659 

0.15 

0.643 

0.644 

0.645 

0.645 

0.647 

0.649 

0.652 

0.20 

0-635 

0.637 

0.637 

0.638 

0.641 

0.642 

0.64s 

0.25 

0.630 

0.632 

0-633 

0.634 

0.636 

0.638 

0.641 

0.30 

0.626 

0.628 

0.629 

0.631 

0-633 

0.636 

0.639 

0.40 

0.621 

0.623 

0.625 

0.628 

0.630 

0.633 

0.636 

0.50 

0.619 

0.621 

0.624 

0.627 

0.630 

0.633 

0.637 

0.60 

0.618 

0.620 

0.623 

0.627 

0.630 

0.634 

0.638 

0.70 

0.618 

0.620 

0.624 

0.628 

0.631 

0.635 

0.640 

0.80 

0.618 

0.621 

0.625 

0.629 

0-633 

0.637 

0.643 

0.90 

0.619 

0.622 

0.627 

0.631 

0-635 

0.639 

0.645 

1. 00 

0.619 

0.624 

0.628 

0633 

0.637 

0.641 

0.648 

1.20 

0.620 

0.626 

0.632 

0.636 

0.641 

0.646 

1.40 

0.622 

0.629 

0.634 

0.640 

0.644 

1.60 

0.623 

0.631 

0.637 

0.642 

0.647 

/'.     VIII.— 'ii 
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WBIR  TABLB  GIVING  CUBIC  FBBT  DI8CHARGBD  PBR  MI.V 

UTB  FOR  BACH  INCH  IN  LBNGTH  OF  IBirBIR  FOR 

DBPTHS  FROM    1-8  INCH  TO  25  INCHBS. 


Inches. 

i 

■ 

1 

i 

1 

! 

i      i      t          .i 

j                1 

0.0 1 

0.05 

0.09 

0. 14 

0.20  ■     0.  26 

1 

0.33 

I 

0.40 

0.47 

0.55 

0.65 

0.74 

0.83     0.93 

1-03 

2 

I. 14 

1.24 

1.36 

1.47 

1-59 

1. 71      1.83 

1.96 

3 

2.09 

2.23 

2.36 

2.50 

2.63 

2.78       2.92 

3.07 

4 

3.22 

3-37 

3.52 

3.68 

3-^3 

3.99     4.16 

4.32 

5 

4.50 

4.67 

4.84 

5-OI 

5.18 

5-36 

•  5.54       5-72 

6 

5-90 

6.09 

6.28 

6.47 

6.65 

6.85 

7.05  i     7.25 

7 

7.44 

7.64 

7.84 

8.05 

8.25 

8.45 

8.66 

8.86 

8 

9.  10 

9-31 

952 

9-74 

9.96 

10.18 

10.40     10.62 

9 

10.86 

11.08 

II. 31 

11.54 

11.77 

12.00 

12.23 

12.47 

lO 

12.71 

13.95 

13-19 

^3-43 

13.67 

13.93 

14.16 

14.42 

1 1 

14.67 

14.92 

15.18 

15.43 

15.67 

15.96 

16.20 

16.46 

12 

16.73 

16.99 

17.26 

17.52 

17.78 

18.05 

18.32 

18.5S 

13 

18.87 

19.14 

19.42 

19.69 

19.97 

20.24  ■  20.52  ■  2O.S0 

14 

21.09 

21.37 

21.65 

21.94 

22.22 

22.51    ,    22.  79 

23.08 

15 

23.38 

23.67 

23.97 

24.26 

24.56 

24.86        25.16 

25.46 

i6 

25-76 

26.06 

26.36 

26.66 

26.97 

27.27 

27.58     27.89 

17 

28.20 

28.51 

28.82 

29.14 

29.45 

29.76 

30.  oS     30.39 

iS 

30-70 

31.02 

3^.34 

31.66 

31.98 

32.31 

3^'^'3 

32.96 

^9  : 

33-29 

33.61 

33.94 

34.27 

34.60 

34.94 

35.27 

35.60 

20 

35-94 

36.27 

36.60 

36.94 

37.28 

37.62 

37.96 

3^31 

2T 

38.65 

39.00 

39-34  , 

39- 69 

40.04 

40.39 

40.73     41.09 

22 

41.43 

41. 7<^ 

42.13  ' 

42.49 

42.84 

43.20 

43.56 

4392 

23 

44.28 

44.64 

45.00 

45.38 

45.71 

46.08 

46.43 

46.81 

24 

47.18 

1 

47.55 

1 

47.9^ 

48.28 

48.65 

49.02 

49-39 

49/6 

TABLES  AND  FORMULAS. 


117 


PROPERTIES  OF   COPPER    WIRE.  —  AMERICAN 
OR    BROWN    &   SHARPE    GAUGE. 


■^^"^^"~""^~'^^^^~"  ~ 

Current  Ca- 

Num- 
ber. 
B.  &  S 
Gauge. 

Diame- 
ter in 
Mils. 

Area  in  Cir- 
cular Mils. 

C  M  =  d*. 

Weights. 

Resistance 

per  1,000  Ft. 

International 

Ohms.    75*»  F. 

.04966 

pacity 

(Amperes) 

National 

Board  Fire 

Underwriters. 

,600 

Per 

i,oo<>  Ft. 

Per 
Mile. 

Open. 

Con- 
cealed. 

OOOO 

460.0 

211, 

641 

3,382 

312 

218 

OOO 

409.6 

167. 

,805 

509 

2,687 

.06251 

262 

181 

OO 

364.8 

^33^ 

.079 

403 

2,129 

.07887 

220 

150 

O 

324.8 

'05. 

.534 

320 

1,688 

.09948 

185 

125 

1 

289.3 

83, 

694 

253 

1,335 

.1258 

156 

105 

2 

257.6 

66, 

373 

202 

1,064 

•1579 

131 

88 

3 

229.4 

■52, 

634 

159 

838 

.2004 

IIO 

75 

4 

204. 3 

41, 

.742 

126 

665 

•2525 

92 

^3 

5 

181  9 

33. 

,  102 

100 

529 

•3172 

77 

53 

6 

162.0 

26, 

,250 

79 

419 

.4104 

65 

45 

7 

144.2 

20, 

,816 

63 

33^ 

.5067 

8 

128.4 

16 

.509 

50 

262 

.6413 

46 

33 

9 

114.4 

13^ 

.094 

39 

208 

,        .8085 

lO 

101.8 

10 

.381 

32 

166 

I. 010 

32 

25 

II 

90.7 

8. 

,234 

25 

^32 

I.  269 

12 

80.8 

6, 

.529 

20 

105 

I. 601 

23 

17 

13 

71.9 

5i 

178 

15-7 

83 

2.027 

14 

64.0 

4^ 

,  106 

12.4 

65 

2565 

16 

12 

15 

57.0 

3i 

.256 

9.8 

52 

3- 234 

i6 

50.8 

2, 

582 

7-9 

42 

4.040 

8 

6 

17 

45-2 

2, 

,048 

6.1 

32 

5.189 

i8 

40.3 

I, 

,624 

4.8 

25.6 

6.567 

5 

3 

19 

35-8 

I, 

,288 

3  9 

20. 7 

8.108 

20 

31.9 

I, 

,021 

31 

16.4 

10.260 

21 

28.5 

810. 1 

2.5 

13.0 

12.940 

22 

253 

642.4 

1.9 

10. 2 

16.41 

23 

22.6 

509- 4 

1-5 

8.2 

20.57 

24 

20. 1 

404.0 

1. 2 

6.5 

26.01 

25 

17.9 

320- 4 

•97 

51 

32.79 

26 

15-9 

254  1 

•77 

4.0 

41  56 

27 

14.2 

201.5 

.61 

3-2 

52.11 

1 
1 

28 

12.6 

159.8 

.48 

2.5 

66.18 

1 
1 

29 

II-3 

126.7 

•39 

2.0 

82.  29 

1 

1 

30 

10  0 

100.5 

.30 

1.6 

105.10 

1 
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CURRENT  REQUIRED  FOR  INCANDESCENT 

LAMPS. 


Volts. 

Candle-power. 

Amperes. 

52 

16 

I.O 

52 

32 

2.0 

52 

100 

6.0 

no 

16 

•5 

no 

32 

1.0 

1 10 

100 

3.0 

CARRYING  CAPACITY  OF  FUSES. 


Diam.  in  Mils. 

B.  &  S.  Gauge  (Approx.). 

Amperes. 

.017 

25 

3 

.020 

24 

4 

.032 

20 

7 

.042 

18-17 

10 

.056 

^5 

15 

.065 

14 

18 

.075 

13-12 

25 

.085 

1 2-1 1 

28 

.096 

I  I-IO 

31 

.III 

9 

36 

.130 

8 

50 

•150 

7-6 

70 

CARRYING  CAPACITY  OF  CABLES. 


A  rea 

Circular  Mils. 


^OOjOOO 
300,000 
400,000 
500,000 
600,000 
700,000 
800,000 
900,000 
1,000,000 
I,  100,000 


Curront 

Ain|)eres. 

Area 

Current 

Amperes. 

F!x  posed. 

Concealed. 

Circular  Mils. 

Kx  posed. 

Concealed 

299 

1        200 

1 

1,200,000 

M47 

715 

405 

272 

i       1,300,000 

1,217 

756 

503 

33^ 

1       1,400,000 

1,287 

796 

595 

:    393 

1       1,500,000 

^356 

835 

682 

445 

1,600,000 

1,423 

873 

765 

'    494 

1,700,000 

1,489 

910 

846 

1    541 

1,800,000 

1          ' 

^554 

946 

924 

:      586 

1,900,000 

1,618 

981 

1,000 

630 

2,000,000 

1,681 

1,015 

1,075 

673 

1 
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SPECIAL  METHODS  OP  SHAFT  SINKING. 


'  **Forepoling/' 


Quicksand. 


Rock  (hard  or  soft,  but 
very  wet). 


**  Metal  Linings."  (Forced  down 
without  the  use  of  compressed 
air.) 

*  *  Pneumatic  "  Method.  (Limited 
to  about  loo  feet  in  depth.) 

L  )**  Poetsch  "  Process.    (Freezing 
r  )         Method.) 

**  Kind-Chaudron  "  Method. 


Rock  (hard  or  soft,  but  j  **  Continuous  "  or   **  Long-Hole" 
not  very  wet).  (         Method. 


APPROXIMATE    MAXIMUM    PRESSURES  OF 

EXPLOSIVES. 

Mercury  fulminate 193  tons  per  sq.  in. 

Nitroglycerin Zd  tons  per  sq.  in. 

Guncotton 71  tons  per  sq.  in. 

Blasting-powder 43  tons  per  sq.  in. 


RELATIVE  VALUES  OF  EXPLOSIVES. 

Gunpowder  containing  61^  saltpeter i.o 

Dynamite  containing  755^  nitroglycerin 2.2 

Blasting  gelatine  containing  92^^  nitroglycerin.  3.2 

Nitroglycerin 3. 3 
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RULES  AND  FORMULAS. 


RULES   USED    IN    TRIGONOMETRY, 


THB  TRIGONOMETRIC  FUNCTIONS. 

Art. 


Rule   X.-Sinc^'f'^^''''r 

hypotenuse 

Rule  2. — Stele  opposite  =  hypotenuse  x  sine, 

^    ^     _       ^    .         side  adjacent 

Rule  3. — Cosine  =  —. . 

hypotenuse 

Rule  4. — Side  adjacent  =  hypotenuse  x  cosine. 

^    ^      ^       ^  .      side  opposite 

Rule  5. — 1  ayiereyit -=• —r-. — ^. . 

^  side  adjacent 

Rule  6. — Side  opposite  =  side  adjacent  X  tangent. 

Rule  7. — Cotangent  =  —^ — r^— . 

^  side  opposite 

Rule  8. — Side  adjacent  =  cotangent  X  side  opposite. 
Rule  9. — Hypotenuse  = ^~ . 


Rule   1 0 . — Hypo  tc  71  use 


sine 

side  adjacent 
cosine 


RULBS  FOR   USING  TRIGONOMETRIC  TABLES. 

Giv^en  an  angle,  to  find  its  sine,  cosine,  tangent,  and 
cotangent : 

Rule  11. — Find  in  the  table  the  sine^  cosijie^  tangent^  or 
cotangent  corresponding  to  the  degrees  and  minutes  of  the 
am^h'. 

For  the  seconds^  find  the  differ  nice  of  the  values  of  the  sine, 
cosine,  tangent,  or  cotangent,  taken  from  the  table  between 
ivhich  the  seconds  of  the  angle  fail;  multiply  this  differenct 
by  a  fraction  whose  numerator  is  the  number  of  seconds  in  the 
given  angle,  and  whose  denominator  is  60, 

If  sine  or  tangent,  add  this  correction  to  the  value  first 
found;  if  cosine  or  cotangent,  subtract  the  correction.  Art. 
756. 
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I  find  the  angle  corresponding  to  a  given  sine,  cosine, 
ingent,  or  cotangent,  whose  exact  value  is  not  contained 

3  table : 

Rule  12. — FinJ  t/if  difference  of  the  two  nuwdcrs  in  the 
Utble  between  which  the  given  sine,  cosine,  or  tanginl  falls, 
Fs»f/  use  the  number  of  parts  in  this  difference  as  the  denomi- 
nator of  a  f raft  tun. 

Find  the  difference  between  the  number  belonging  to  the 
smaller  angle,  and  the  given  sine,  cosine,  tangent,  or  cotan- 
gent, and  use  the  ntimbrr  of  parts  in  the  difference  just  found 
as  the  numerator  of  the  fraction  mentioned  abtn-e.  Multiply 
this  fraction  by  60,  and  (he  result  will  be  the  number  of 
'^econds  to  be  added  to  the  smaller  angle.     Art.  758. 

RULES    USED    IN    MENSURATION. 

THB   TRIANGLE. 

Rule. — The  area   of  any   triangle    equals    nfir-half   the 
Product  of  the  base  and  the  altitude.     Art,  766. 

THE  OUADRII.ATF.RAt.. 

To  find  the  area  of  a  parallelogram : 

Rule. —  The  area  of  any  parallelogram  equals  the  product 
f  the  base  and  the  altitude.     Art.  777. 

To  find  the  area  of  a  trapezoid: 
I  Rule. —  The  area  of  a  trapezoid  equals  one-half  the  sum  of 

f  parallel  sides  multiplied  by  the  altitude.     Art.  778. 
\  To  find  the  area  of  an  irregular  figure  bounded  by  straight 
bes: 

Rule — Divide  the  figure  into  triangles,  and  find  the  area 
feack  triangle  separately.      The  sutn  of  the  areas  of  all  the 

ianglfswill  be  the  area  of  the  figure.     Art.  779. 


Rule. — The  circumference  of  a  circle  eqnah  the  diameter 

multiplied  by-3.1  J, W.     Art.  780.' 

Rule. —  The  diameter  of  a  eirc/e  equals  the  circumference 
divided  by  3.  UIG.      Art.  780. 


& 
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To  find  the  length  of  an  arc  of  a  circle  : 

Rule. —  The  length  of  an  arc  of  a  circle  equals  the  circum- 
ference  of  the  circle  of  which  the  arc  is  a  part^  multiplied  by 
the  number  of  degrees  in  the  arc^  and  divided  by  360,  Art. 
781. 

To  find  the  area  of  a  circle: 

Rule. — Square  the  diameter ^  and  multiply  by  .785J^ 
Art.  782. 

Given  the  area  of  a  circle,  to  find  its  diameter  : 

Rule. — Divide  the  area  by  .  7854  and  extract  the  square 
root  of  the  quotient.     Art.  783. 

To  find  the  area  of  a  sector : 

Rule. — Divide  the  number  of  degrees  in  the  arc  of  a  sector 
by  360.  Multiply  the  result  by  the  area  of  the  circle  of  which 
the  sector  is  a  part.     Art.  784. 

To  find  the  area  of  a  segment  of  a  circle  : 

Rule. — Draw  radii  from  the  center  of  the  circle  to  the 
extremities  of  the  arc  of  the  segment;  find  the  area  of  the 
sector  thus  formed^  subtract  from  this  the  area  of  the  triangle 
formed  by  the  radii  and  the  chord  of  the  arc  of  the  segment^ 
and  the  result  is  the  area  of  the  segment.     Art.  785. 


THB  ELLIPSE. 

To  find  the  perimeter  of  an  ellipse:  There  is  no  exact 
method,  but  the  following  is  close  enough  for  most  cases: 

Rule. — Multiply  the  major  axis^y  1.82^  and  the  minor 
axis  by  1,815.  The  sum  of  the  results  will  be  the  perimeter. 
Art.  788. 

To  find  the  exact  area  of  an  ellipse: 

Rule. —  The  area  of  a?i  ellipse  is  equal  to  the  product  of  its 
two  diameters  tnultiplicd  by  .  785 Jf..     Art.  789. 


ANY   PLANE  FIGURE, 

Rule. —  The  area  of  any  plane  figure  may  be  found  by 
dividing  it  into  triangles^  quadrilaterals^  circles  or  parts  of 
circles^  and  ellipses^  finding  the  area  of  each  part  separately 
and  adding  them  together.     Art.  790* 
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THE  PRISM   AND  CVLINHBR. 

To  find  the  area  of  the  convex  surface  of  any  right  prism, 
K'pr  right  cylinder: 

Hule. — Multiply  the  f.-rinu-lcr  of  the  bas,-  by  flu-  altitude. 
I  Art.  803. 

To  find  the  volume  of  a  right  prism,  or  cylinder: 
Rule. — The  volume  of  any  right  prism  or  cylinder  equals 
^fu  area  of  the  base  multiplied  by  the  altitude.     Art.  804, 


THB  PVRAMin  ANn  CONE. 

To  find  the  area  of  a  right  pyramid  or  right  cone: 
Rule. —  The  convex  area  of  a  right  pyramid  or  cone  equals 

the  pcriinetcr   of  the  base  multiplied  by  one-half  the  slant 

height.     Art.  809. 

^m   To  find  the  volume  of  a  right  pyramid  or  cone: 

^    Rule. — The  volume  of  a  right  pyramid  or  cone  equals  the 

area  of  the  base  multiplied  by  oue-third  of  the  altitude.     Art. 

810. 


I 


1  OR  CONE. 

of  a  right  pyramid 


THE  FRUSTITM  OF   A  RVRAM 

To  find  the  convex  arc.i  of  a  frustui 
»r  right  cone: 

Rule. —  The  convex  area  of  a  frustum  of  n  right  pyramid 
or  right  cone  equals  one-half  the  sum  of  the  perimeters  of  its 
bases  multiplied  by  the  slant  height  of  the  frustum.  Art. 
814. 

To  find  the  volume  of  the  frustum  of  a  pyramid  or  cone: 

Rule. — Add  the  areas  of  the  upper  base,  the  lorver  base, 
'tnd  the  square  root  of  the  prodttet  of  the  areas  of  the  two 
bases;  multiply  this  sum  by  one-third  of  the  allitude.  Art. 
815. 
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THB  8PHBRB. 

To  find  the  area  of  the  surface  of  a  sphere: 

Rule. —  The  area  of  the  surface  of  a  sphere  equals  the 
square  of  the  diameter  multiplied  by  S.  H16.     Art.  817. 

To  find  the  volume  of  a  sphere: 

Rule. —  The  volume  of  a  sphere  equals   the  cube  of  the 
diameter  multiplied  by  ,5236.     Art.  818. 


THB  CYLINDRICAL  RING. 

To  find  the  volume  of  a  cylindrical  ring: 

Rule. — Multiply  the  area  of  the  cross-section  of  tlu  ring 
by  the  length  of  the  center  line.     Art.  822. 


FORMULAS   USED    IN   GASES    MET   l^ITH    IN 

MINES. 


SPBCIFIC  GRAVITY. 

Let  W  =  weight  of  the  substance  in  air; 

]V^  =  weight  of  the  substance  in  water; 
Sp.  Gr.  —  specific  gravity  of  the  substance; 

7i'  =  weight  of  one  cubic  foot  of  the  substance. 

Then,    Sp.  Gr.r^  \vl.\V'  ^^'^     ^^^'  ®^** 

For  solids  or  liquids, 

Sp.  (ir.=  -^.  (2.)     Art.  831. 

w  =  62.5  X  Sp.  Gr.       (4.)     Art.  832* 
For  gases, 

Sp.Gr.=  -^  (3.)     Art.  831. 

w  =  .07CG  X  Sp.  Gr.     (5.)     Art.  832. 
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VOLUMB,     DBMSITY,     AND     WHIG 
N    THR    TEMPERATURE    IS    CONtll 

Marlottc's  I,aw.^  The  tf)ii/>fraturf  remaining  the  same, 
mtke  volume  of  a  given  quantity  of  gas  varies  inversely  as  the 

Let  /  =  pressure  for  one  position  of  the  piston ; 

p^  =  pressure  for  any  other  position  of  the  piston; 

V  =  volume  corresponding  to  the  pressure  /; 

V,  =  volume  corresponding  to  the  pressure/,. 
Then, 


Ad, 


-■57- 

Let  D  be  the  density  corresponding  to  the  pressure  /  and 
volume  V,  and  D,  be  the  density  corresponding  to  the  pres- 
sure /,  and  volume  i', ;  then, 

/:/?  ::A:A,or  //;.=AA  (9.)    ) 

and  t' :/),::  r.:  A    nTr/)=v,D,.       (lO.)! 

Thus,  let  W  be  the  weight  of  a  quantity  of  air  or  other 
gas  whose  volume  is  v  and  pressure  is  /;  let  li'  be  the 
weight  of  the  same  quantity  when  the  volume  is  r,  and 
pressure  is/,:  then, 

,    „:  W,  ::,.,:»■    „r,.|r  =-.,»•,  (12.)  ( '^"^  ^"^ 


V      PRESSURB  AXt*  VOI.17IUE  OF  A  GAH  WITH  VARIABLB 
TEMPERATURE. 

Gay-L.U8saG'H  Lavt-. — //  /lie  pressure  remains  eonstant, 
every  inerease  of  temperature  of  1°  F.  produces  in  a  given 
quantity  of  gas  an  expansion  of  -^^  of  its  volume  at  3i!°  F. 

If  the  pressure  remains  constant,  it  will  also  be  found 
that  every  decrease  of  temperature  of  |'  F.  will  cause  a 
decrease  of  ^i,  of  the  vclumi;  at  32"  F. 
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Let  V 
f 

Then, 

Let  / 
t 


=  volume  of  gas  before  heating; 

=  volume  of  gas  after  heating ; 

=  temperature  corresponding  to  volume  v\ 

=  temperature  corresponding  to  volume  v^, 

'^59  +  /;,  ^jg^j    Art.  854. 


/459  +  ^A 
''^  =  ^  l459+f  )• 


Then,   / 


459  + 

=  the  original  tension ; 
=  the  corresponding  temperature ; 
=  any  higher  or  lower  temperature ; 
=  corresponding  tension. 

459  + 1; 


'      ^  V459  +  /  /• 


(14.)    Art.  854. 


459  + 

Let  P  =  pressure  in  pounds  per  square  inch ; 
V  =  volume  of  air  in  cubic  feet; 
T  =  absolute  temperature ; 
IV  =>  weight. 


Then,   P  = 


V  = 


T  = 


W  = 


.37052  WT 
V 

.37052  WT 
P 

PV 
.37052  W 

PV 
.37052  T' 


(15.) 


(16.) 


(17.) 


(18.) 


\  Art. 


MIXTURB    OF    T\VO   GASES    HAVING    UNEQUAL    VOLUMES 

AND  PRESSURES. 

Let  V  and  p  be  the  volume  and  pressure,  respectively,  of 
one  of  the  gases. 

Let  7\  and  /,  be  the  volume  and  pressure,  respectively,  of 
the  other  gas. 

Let  V  and  P  be  the  volume  and  pressure,  resp)ectively, 
of  the  mixture. 

Then,  if  the  temperature  remains  the  same. 


V        ' 


-\ 


(19.) 


(20.) 


Art.  867. 
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WBIGHT  OF  A  GAS. 

ghim  pressure  and  tempera- 
n  equal  volume  of  air,  at  the 
e,   iHutliplied  by  the  specific 


CALCULATION  OF  THI 

The  weight  of  any  gas,  at  t 
,  is  equal  to  the  weight  of 
Whc  pressure  and  temperatu 
'avity  of  the  gas. 

t  W^  weight  in  pounds; 
V  =  volume  in  cubic  feet ; 

B  =  barometric  pressure  in  inches  of  mercury; 
D  =  specific  gravity  of  the  gas — found  in  table 

Rates  of  Diffusion  of  Gases; 
T  =  absolute  temperature. 
_  1.3253  X  r  y  Bx  V 


Then,  IV = 


(21.)     Art.  872. 


,  Rule.- 

ridge  b_ 


TO  FIND  THB  WBIGHT  OF  A  UVNAIUITE  CARTRIDGE. 

B. — Multiply  the  square  of  the  diameter  of  the  car- 
e  by  its  length,  all  in  inches,  and  lake  f  of  the  product; 
f  result  will  be  the  vdght  of  the  cartridge  in  ounces. 
Let  W—  weight  of  cartridge  (ounces); 
d  ^  diameter  of  cartridge  (inches); 
/  =  length  of  cartridge  (inches). 
Then,  W=  ^  I  d\  (22.)     Art.  891. 


RULES  AND  FORMULAS  ISEO  IX  MINE 
VENTILATIO.\. 


GRAVITATION. 

I  Law  of  Gravitation. — The  force  of  attraction  by  lukick 
•dy  lends  to  draw  another  body  towards  it  is  directly 
proportional  to  its  mass,  and  inversely  proportional  to  the 
square  of  the  distance  between  their  centers.     Art.  928. 

Laws  of  Welfclit. — Bodies  weigh  most  at  the  surface  of 
the  earth.  Below  the  surface,  the  weight  decreases  as  the 
distance  to  the  center  deenases. 

Abo^Y  the  surface,  the  weight  decreases  as  the  square  of  the 
distance  incrcaSiS.      Art.  929. 
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FORMULAS  FOR  GRAVITY  PROBLEMS. 

Let  IV  =  weight  of  body  at  the  surface; 

zv  =  weight  of  a  body  at  a  given  distance  above  or 

below  the  surface; 
;;/  =  mass  of  the  body ; 
ii  =  distance  between  the  center  of  the  earth  and 

the  center  of  the  body ; 
R  =  radius  of  the  earth  =  4,000  miles; 
g'  =  force  of  gravity  where  body  is  weighed. 

Mass  =  Z?'ffht..f_bo^    ^^  ^^^  ^  W  3        ^^^  ^27. 

force  of  gravity  ^  ^         ' 

Formula  for  weight  when  the  body  is  below  the  surface: 

7c'  R  =  ^/  m  (24.)     Art.  930. 

Formula  for  weight  when  the  body  is  above  the  surface: 
w(r'=  IV R".  (25.)     Art.  930. 


FORMULAS  FOR  FALLING  BODIES. 

Let  ^''  =  force    of   gravity  =  constant   accelerating   force 
due  to  the  attraction  of  the  earth; 
/  =  number  of  seconds  the  body  falls; 
zf  z=  velocity  at  the  end  of  the  time  /; 
//  =  distance  that  a  body  falls  during  the  time  /. 

v=i;-r.  (26.)     Art.  933. 

That  is,  t/ie  velocity  acquired  by  a  freely  falling  body  at 
the  end  of  t  seconds  equals  S2. 10  multiplied  by  the  time  in 
seconds. 

/  =  -'.  (27.)     Art.  933- 

That  is,  the  number  of  seconds  during  zidiich  a  body  must 
have  fallen  to  acquire  a  given  velocity  equals  the  given 
velocity  in  feet  per  second  divided  by  32.16. 

//  =  :,-.  (28.)     Art.  933* 

2g 


i 


TABLES   AND   FORMULAS. 


199 


Thai  is,  the  hdglit  from  which  a  body  must  fall  to  acquire 
a  given  velocity  equals  the  square  of  the  given  velocity  divided 
(>y2x  SS.16. 

p  =  */3^.  (29.)     Art.  933. 

That  is,  the  velocity  that  a  body  toill  acquire  in  falling 
trough  a  given  height  equals  the  square  root  of  the  product 
bf  twice  SS.16,  and  the  given  height. 

h  =  igt'.         (30.)     Art.  933. 

That  is,  tin-  distance  a  body  will  fall  in  a  given  time  equals 
pt.16  -i-  S,  multiplied  by  ihe  square  of  the  number  of  seconds. 

t  =  \^-  (3t.)    Art.  933. 

That  is,  the  time  it  will  fake  a  body  to  fall  through  a 
^grven  height   equals   the    square    root  of  twice  the  height 
divided  by  32.18.  


I 


THBORETICAI.  VELOCITV  OF  AIB. 

Let  %'  =  velocity  of  air  in  feet  per  second ; 

F  =  Va.e  constant   force  represented  by  difference  of 

pressure  in  pounds  per  square  fool; 
w  =  weight  of  a  cubic  foot  of  the  air; 
g  =  acceleration  due  to  gravity  =  33. 10  ft. 


Then, 


(32.)     Art.  940. 


THE  MOTIVE  COLUMN. 

Let  \V=  the  weight  of  a  cubic  foot  of  air  in  the  downcast 
shaft ; 
w  =  the  weight  uf  a  cubic  foot  of  air  in  the  upcast 

shaft ; 
/»  =  the  pressure  of  the  downcast  shaft; 
/,  =  the  pressure  in  the  upcast  shaft ; 
/,  =  the  average  temperature  of  the  air  in  the  down- 
cast shaft; 
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t  =  the  average  temperature  of  the  air  in  the  upcast 

shaft ; 
D  =  the  depth  of  the  upcast  shaft  in  feet ; 
Af  =  the  length  of  the  motive  column  in  feet; 
G  =  the  water-gauge  in  inches. 

Then,       Af  =  tZ-p.,  (33.) 


IV  ' 
M=  ^.  (34.) 

459  +  /' 


^Art.  942. 


(35.) 


THB  THRBB  LAVkTS  OP  FRICTION. 

As  the  result  of  many  experiments,  the  truth  of  the  three 
following  laws,  called  the  tliree  la^vs  of  friction,  has 

been  firmly  established. 

First  Law^. —  IVAen  the  velocity  remains  the  satne^  the 
total  pressure  required  to  overcome  friction  varies  directly  as 
the  extent  of  the  rubbing  surface.     Art.  946. 

Second  Laiv. —  When  the  velocities  and  rubbi7ig  surfaces 
remain  the  same ^  the  pressures  required  to  force  air  throuj^h 
the  passages  of  a  mine  increase  and  decrease  inversely  as  the 
sectional  areas  of  the  passages  increase  or  decrease.  Art. 
952. 

Tliird  Law. —  The  pressure  required  to  overcome  friction 
in  an  airway  varies  as  the  squares  of  the  velocities  when  the 
rubbing  surface  and  the  areas  of  section  are  the  same ;  ami 
the  pressures  required  to  overcome  friction  vary  as  the  squares 
of  the  velocities  multiplied  by  the  rubbing  surfaces  per  square 
foot  of  section  in  all  airways.     Art.  955. 


FORMULAS  FOR   VENTILATION. 

Let  a  =  sectional  area  of  airway  in  square  feet; 
//  =  horsepower ; 

k  =  coefficient  of  friction  =  .0000000217; 
/  =  length  of  airway  in  feet; 


§6 
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o  =  perimeter  of  airway  in  feet ; 

/  =  ventilating  pressure  in  pounds  per  square  foot; 

/^=  total  ventilating  pressure  in  pounds; 

q  =  quantity  of  air  in  cubic  feet  per  minute; 

s  =  rubbing  surface  in  square  feet; 

u  =  units  of  power  in  foot-pounds  per  minute; 

V  =  velocity  in  feet  per  minute ; 

IV=  water-gauge  in  inches  of  water. 


Then,     P=/>a. 

(36.)  1 

P=ksv'. 

(37.). 

^      ksv' 
^=    a    • 

(38.) 

P 

pa 
kv'' 

(39.) 

'  Art.  962. 

-^■ 

(40.) 

/=i. 

0 

(41.) 

s  =  lo. 

(42.) . 

g  =av. 


(43.)     Art.  963. 


a 


(44.)     Art.  965. 


a='L. 

V 


u  =  Pv. 
u=zpq. 


(45.)     Art.  966. 


(46.) 
(47.) 


Art.  968. 


H  = 


u 


"        ^      ^^^      ^    /^^    _      P'l  /^ox      Art    0«>5L 

33,00Q      33,000      33,000 "~  33,000'      ^        '    ^rt.  sfoo. 


/  = 


/  = 


•33,000// 


33,000// 


(49.) 


(50.) 


^  Art.  969. 


^\     VIIL—3S 
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^  = 


Zf  = 


33,000  Z/' 


33,000//      33,000 // 


(51.) 


(52-) 


^  Art.  970« 


P  pa 

u^ksv".  (53.)  ^ 

ksv^  ._  .  .  1^  Art.  971. 


^= 


P 


(54.)  J 


(55.)    Art.  974. 


The  above  formulas,  with  others  less  important,  are  given 
below ;  they  are  so  arranged  that  all  the  formulas  used  in 
obtaining  the  value  of  a  given  quantity  are  grouped 
together. 


To  find  the  area: 


tf  = 


k  s  1^ 


«♦  — 

P 

a  = 

v' 

a  = 

u 

pv 

a  — 

33,000  H 
p  V 

a  = 

k  s  v^  q 
u 

To  find  the 

horsepower : 

H  = 

u 

33,000' 

H  = 

Pv 
33,000' 

H  = 

pq 

33,000 

n 

p  a  V 

33.000 
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To  find  the  coefficient  of  friction : 

P      • 


k  = 


s  z/** 


S  V* 


k=  " 


S  V* 

s  v^ 
To  find  the  length  of  the  airway: 

0 

To  find  the  perimeter  of  the  airway: 

s 

To  find  the  total  pressure: 

P=pa. 

P=ksv'. 
P="-. 

V 

^_  33,000  H 

p_ks<f_ 
a*   ' 

To  find  the  pressure  in  pounds  per  square  foot 


/  = 

p 

• 

a 

/  = 

ksv" 
a 

/= 

u 

• 

/  = 

33,000^ 

• 
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^    33,000 /r 

/  = . 

9 

To  find  the  quantity  of  air  passing  in  cubic   feet  per 
minute: 

u 
33,000^ 

»=— • 

To  find  the  rubbing  surface  in  square  feet: 

P 


5  = 


kv^' 


^=  lo. 
u 


s  = 


kv*' 


To  find  the  units  of  power  in  foot-pounds  per  minute: 

u  =  Pv, 
u=pq. 
u  =  33,000^. 
u=pav, 
u  =  ksv^. 
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To  find  the  velocity  in  feet  per  minute: 

^   ks 


-y^. 


Ts 


a 
u 


u 
v  =  - — 

p  a 


33,000^ 
^  = -p 

33,000  H 

v  =  — ^-i • 

p  a 

ks 


To  find  the  water-gauge : 


5.2 


LAWS  OP  VBNTILATIOH. 

Art.  980. 

In  order  to  ascertain  the  effects  produced  by  varying  the 
airway,  or  by  varying  the  quantity,  velocity,  etc.,  of  the 
air,  it  is  generally  easier  to  make  use  of  one  of  the  following 
laws  than  to  solve  by  means  of  one  of  the  foregoing  for- 
mulas. The  laws  are  also  useful  for  comparing  the  results 
obtained  from  two  airways.  Letting/,  q^  v^  s^  etc.,  repre- 
sent, respectively,  the  pressure,  quantity,  velocity,  rubbing 
surface,  etc.,  before  the  change,  and  /„  y„  z/„  j„  etc.,  the 
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same  things  after  the  change,  the  laws  may  be  stated  as 
follows : 

(1)  The  pressure  varies  directly  as  the  extent  of  the 
rubbing  surface ;  i.  e.,  /:/,::  j  :  j„   or  P :  P^  ::  s  :  s^. 

(2)  The  pressure  varies  directly  as  the  density*  of  the 
air;  i.  e., /:/,::  w/  :  u\,   or  P:  P^  ::  w  :  w^, 

*  By  density  is  meant  the  weight  of  a  cubic  foot  in  pounds, 

(3)  The  pressure  varies  directly  as  the  square  of  the 
quantity;  i.  e.,  /  :/,  -  ^'  :  ^,*,    or  P\  P^  ::  q^  :  g*. 

(4)  The  pressure  varies  directly  as  the  square  of  the 
velocity;  i.  e., /  :/j  ::  t'"  :  z\*^   or  P:  P^::  v*  :  v*, 

(5)  The  pressure  varies  directly  as  the  length  of  the 
airway;  i.  e.,  /:/,-/:/„    or  P:  P^  ::  /  :  /,. 

(6)  The  pressure  varies  directly  as  the   length  of  the 
perimeter;  i.  e.,/  :/,  ::  o  :  o^,   or  P:  P^  ::  o  :  o^. 

(7)  The  pressure  per  square  foot  varies  inversely  as  the 
area  of  the  airway;  i.  e,^  p  : p^  ::  a^  :  a, 

(8)  The   quantity  varies  directly  as  the  square  root  of 
the  pressure;  i.  e.,  ^  :  ^,  ::  -//  :  i^,  or  q  \  q^w  \^  :  f^. 

(9)  The  quantity  varies  directly  as  the  cube  root  of  the 
power;  i.  e.,  q  :  </,  ::  \^i  :  |/w^,    or  ^  :  ^,  ::  YTf :  l^Tf^. 

(10)  The   quantity  varies   inversely  as  the  square  root 
of  the  rubbing  surface;  i.e.,  </  :  ^,  ::  4/^  :  |/7. 

(11)  The  velocity  varies  directly  as  the  square  root  of 
the  pressure;  i.  e.,  v  \  7\  ::  \^ p  :  4^/,,  or  v  :  z\  ::  \^  :  \'7*^. 

(12)  The  velocity  varies  directly  as  the  square  root  of 
the  area;    i.  c.,    v  :  7\  ::  4^  :  4^^. 

(13)  The  velocity  varies  inversely  as  the  square  root  of 
the  length  of  the  airway;    i.  c.,    7'  :  7\  ::  4//^  :   4/A 

(14)  The  velocity  varies  inversely  as  the  square  root  of 
the  rubbing  surface;    i.  e.,    v  :  7\  ::  f^  :  4/T. 

(15)  The   power    varies    directly    as    the    cube    of   the 
quantity;    i.  e.,    u  :  w,  ::  q^  :  q^\    or   // :  H^  ::  q*  :  q^. 
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I  (t6)     The  rubbing  surface  varies  inversely  as  the  square 
[  the  quantity;   i.  c.,   s  :  .t,  ::  ^'  :  g'. 

I  (17)     The  rubbin^r  surface  varies  inversely  as  the  square 
[  the  velocity;   i,  e.,   i  ;  J,  ::  i\'  ;  i"', 

I     The  sectional  area  varies  directly  as  the  square  of 
G  velocity;   i.  e. ,    «:«,:;  v'  :  w,'. 
[  (IS)     The  length  of  the  airway  varies  inversely  as  the 
j^nare  of  the  velocity;   i.  e.,    / :  /,  ::  v'  :  v'. 
i   (20)     The  length   of  the  airway  varies  inversely  as  the 
IQUare  of  the  quantity;    i.  c.,    /  :  /,  :;  i/*  :  q'. 

For  similar  airways,  lei(/  equal  the  length  of  aside;  then, 
I  (21)     The  quantity  varies  directly  as   the   square  root 
the    fifth    power    of    the    length    of    the    side;    i.  e., 
:  q,  ::  V?  :  »'S/. 

(22)     The  pressure  varies  inversely  as  the  fifth  power  of 
the  length  of  the  side;   i.  e.,  /  :/,  ::  (/,'  :  'j". 
I  (23)     The  length  of  the  side  varies  inversely  as  the  fifth 
lot  of  the  pressure;   i.  e.,    (/:</,::  f^,  :  v^. 
[  (24)     The  length  of  the  side  varies  directly  as  the  fifth 
K>t  of  the  square  of  the  quantity;    i.  e. ,   li  ;  (/,  ::  i^^'  ;  i^^. 
V  To  the  above  laws  may  also  be  added  another: 
1(25)     If  equal  quantities  of  air  pass  through  two  air- 
JBys,  the  velocities  will  vary  inversely  sel  the  areas;   i.  e,, 


AREA  OF  REGtJI.ATOR  OPHNING. 

f  Let  A  =  area  of  opening  in  square  feet ; 

J  =  quantity  of  air  in  cubic  feet  per  minute  which  it 

is  desired  to  pass  through  the  opening; 
fC^  difference  of  pressure  in  inches  of  water  on  the 
two  sides  of  the  regulator. 


^BTfaen,        . 


.0004? 


(56.)     Art.  998. 
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VkTBIGHT  OF  AIK. 

Let  IV  =  weight  of  a  cubic  foot  of  air; 

B  =  height  of  barometer,  inches  of  mercury ; 
/  =  temperature  of  air,  Fahrenheit. 

^=liT?-  ^*^-^     Art.l006. 

BPPBCT  OP  TBMPBRATURB  ON  VOLCMB  OF  AIS. 

Let  T=  required  absolute  temperature; 

/  =  given  temperature  of  air,  Fahrenheit; 
V=:  volume  of  air  at  absolute  temperature,  T; 
V  =  volume  of  air  at  Fahrenheit  temperature,  /. 

T=^X  (459  +  /).  (58.)     Art.  1007. 

VBNTILATING  PRB88URB. 

Let  /  =  ventilating  pressure  in  pounds  per  square  foot; 
/  =  higher  temperature  of  air; 
/^  =  lower  temperature ; 
D  =  depth  of  shaft. 

P  =  TITtFt^T  X  .077  X  n.  (BO.)     Art.  1008. 

GRATB  ARBA  OF  VBNTILATING  FURNACB. 

Let  /)  =  depth  of  furnace  in  feet; 

s  =  grate  area  per  horsepower  in  square  feet. 

s  =  ^,  (61.)     Art.  lOlO. 

RKI.ATION  nBT\%'Ei:X  \%'EIGHT  OF  AIR  ANO  VBNXILATIXG 

I'RESSURB. 

Let  7*,'  =  weight  of  one  cubic  foot  of  air  in  the  upcast; 
/['=  weight  of  one  cubic  foot  of  air  in  the  downcast; 
y>  =  ventilating  i)ressurc  in  pounds  per  square  foot; 
P  =  atmospheric    pressure    in    pounds    per    square 
foot  =z  2,110. 

w  =-  ^^^  X  IV.  (62.)     Art,  1022. 


J 
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FL.OW  OP  AIR. 

Il«t  v=  velocity  of  air  in  feet  per  second; 

/  =  difference  of  pressure  producing  the  flow. 
v=n'/p.  (64.)     Art.  1027. 

/=(^)'-  (6S.)     Art.  I027. 

AHBA  OF  AIR-PASSAGR8. 

|]L>et  c/=  diameter  of  port  of  entry  in  feet; 
b  =  width  of  fan-blades  in  feet; 

q  =  quantity  of  air  in  cubic  feet  passing  through  one 
port. 

rf=.0343i/^.  (66.)     Art.  1030. 

b  =  ^d.  (67.)     Art    1031. 


MANOMETRIC   BPFICtlSNCY. 

Let  A  =  area  of  port  of  entry  of  fan; 
(1  =  area  of  port  of  discharge; 
O  =  pressure  required  to  blow  air  out  of  fan; 
/  =  depression  required  for  air  to  enter  fan; 
M=  mine  resistance  in  pounds  per  sq.  ft.  as 

ured  with  the  water-gauge. 
C  =  manometric  efficiency. 
'/ 


0  =  - 


100  Af 


(68.)     Art.  1032. 
(69.)     Art.  1032. 


CENTRIFUGAL    FANS. 

Ccatrlfugal  Force   of  a    Body  Mnvlng    In  a  Circle. 

Let  w  =  weight  af  body  in  pounds; 
V  =  velocity  in  feet  per  second; 
R  =  radius  of  circle  in  feet ; 
^  =  32. IG  =  acceleration  due  to  gravity, 
/  =  centrifugal  force  in  pounds. 


/= 


AV 


(70.)     Art.  1033. 
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If  the  body  is  free  to  move  outward,  instead  of   being 
constrained  to  move  in  a  circle,  the  formula  becomes 

^=^mrg-  (^**>    Art.  1033. 

Centrifugai  Force  Developed  by  a  Fan. 

Let  /  =  radial  length  of  the  fan-blade; 
a  =  angle  between  blade  and  radius. 

f=^^-  (72.)     Art.  1035. 

/=      3.1416^     •         (75.)     Art.  1037. 

Fan  Dimensions. 

Let  D  =  diameter  of  fan ; 

(/  =  diameter  of  port  of  entry ; 
r  =  radius  of  gyration  of  blade; 
/  =  radial  length  of  blade. 

/  =  ^^.  (73.)     Art.  1035* 

r  =  ^  +  .  G  /.  (74.)     Art.  1 036. 

THERMOMBTBRS. 

Let  F=  temperature  in  degrees  Fahrenheit; 
C  =  temi)eratiire  in  degrees  Centigrade. 

To  change  Centigrade  readings  to  Fahrenheit: 
F=  I  C+  32.  (76.)     Art.  1067. 

To  change  Fahrenheit  readings  to  Centigrade: 
C  =  5  {F-  32).  (77.)     Art.  1067. 


FORMULAS    USED    IX    MIXE    SURVEYING    AXD 

MAPPING. 


TO   FIND  THE  DISTANCE    BET\%'EEN  CHAMBERS   OR 
ROOMS,  MEASURED    ALONO  THE   ENTRY. 

Let  D=  required  distance; 

/)  z=i  j)erpendicular  distance  between  chambers; 

yi  =  angle  between  center  lines  of  entry  and  chamber 

n  =   .  ^.  (78.)     Art.  1 1 30* 

sm  A  ^        ' 
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LATITUDES  ASln  DEPAHTURES, 

[  Latitude  =  distance  X  cosine  of  bearing.  | 

I  Departure  =  distance  x  sine  of  bearing.   )         ' 

CURVES. 

Let  K  =  radius  of  curve ; 

I)  =:  deflection  angle  of  carve; 

/  =  angle  of  intersection; 

T=  tangent  distance; 

f  =  chord ; 

^  =  chord  deflection; 

/=  tangent  deflection. 


f  Then, 


R  = 


sin  JJ' 


(79.)     Art.  1200. 


r  =  .ff  Un  i  /.        (80.)     Art.  1 204. 
J=~.  (81.)     Art.  1208. 

/=sC.  (82.)     Art.  1208. 


KCONOMIC  GEOLOGY  OF  COAL. 

INCBBAHR  OF  TEMPEH.^TCRB  WITH  I.NCRRASBOF  DEPTH 
BELOW  THE  EARTH'S  SURFACE. 

kLet  7"=  temperature  in  degrees  Fahrenheit; 
D^=  depth  below  surface  in  feet. 


7"=  50.68+  - 


G7,;J 


(83.)     Art.  1287. 


THB  ANGEE  OF  CORRECTED  DIP   FOR    AN   OBLtQCE 


IPBOSPECTISG    FOR    COAL    AND    LOCATION 
L  OPENINGS. 

^Let  a  —  tangent  of  angle  of  corrected  dip; 
■  6  =  angle  of  dip  at  right  angles  to  strike; 

P         c  =  angle  at  which  the  section  lies  to  right  < 
I  the  full  dip. 

Then,  a  =  tan  i  x  cos  c.  (84.)     Art.  1423. 

The  correction   for  the  angles  most  used,  as  calculated 
from  the  above  formula,  are  given  in  the  following  table; 


left  of 
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°       a 

Z  S  ^^   "^    ?  '^  >  "§   ^^  >    S  S 

°o.    °c>    ":>    =0     V    ?□     "f    °'D    °o     00     V    "0 

2;s?-   -?S   3;:::32^?. 

^S^'S-SS^^-^RSS. 

"g;  "25  "^  °^  "s;  ^  °i3;  °3)  "Si  h  V  °« 

to 

V 

i 

s 

V 

::  z  1:  ^  ^  ^  s  ?^  :rrr> 

^^ 

°:  •:  °:  °:  -i  c  •:  c  -i  •:  °:  °: ' 

■„ 

„  „  „ ,  j^  „  0.  „  p  ~  ^^ « 

II 

:     :     :     :     :    II     :     :     :     :     :     : 
ti 1 

II    II    II    II    II    11    II    II    II    n    II    II 
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SHAFTS,  SLOPES,  ANI)    DRIFTS. 


Lei  S  =  output  speed; 
D  =  depth  of  shaft; 
T=  tonnage  expressed  in  pounds; 
A'=  number  of  working  hours; 
W=  weight  of  a  cubic  foot  of  broken  coal; 
£  =  average  inside  width  of  car; 
tf  =  inside  depth  of  car; 
L  =  length  of  compartment; 
*"  =  clearance  in  shaft  at  ends  of  cage  =  1  foot. 

Then,  /,  =  ^j^{^j^^i  f  /  (85.)     Art.  1459. 


Let  /  =  thickness  of  tubbing  in  inches; 
<i  =  diameter  of  shaft  in  feet ; 
D  =  depth  in  feet; 
G  =  the  crushing  load  of  cast  iron  per  square  inch. 

ad^G-fJdj'G-liA'iUD 


VG-G.Mi\D 


(86.)     Art.  1480. 


when  G  =  90,000. 


+/!)0.000-(i.944/> 

The  upper  course  of  tubbing  should  in  all  cases  be  at 
(east  i  an  inch  thick  in  the  plate,  even  in  shafts  of  very 
small  diameter;  and  g  of  an  inch  thick  in  shafts  of  large 
diameter,  to  prevent  liability  to  fracture.  It  is  also  desira- 
l)le  to  add  a  constani,  usually  )J  of  an  inch,  to  the  thickness 
obtained  by  the  formula,  to  allow  for  wear  and  tear,  and 
for  corrosion  or  other  chemical  action  on  the  metal. 

In  this  formula  no  allowance  is  made  for  the  extra  strength 
given  the  segments  by  the  flanges  and  ribs.  Theoretically. 
each  set  of  segments  should  have  a  different  thickness,  but 
1  practice  they  are  calcuhited  for  every  25  or  30  feet. 
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NUMBBR  OF  BRICKS  RBQUIRBD  TO  LINB  A  CIRCULAR 

SHAFT. 

Let  N  =  number  of  bricks  required; 

D  =  outer  diameter  of  the  shaft ; 

d  =  inner  diameter  of  the  shaft; 

t  =  thickness  of  brick ; 

b  =  breadth  of  brick ; 

/  =  length  of  brick ; 

X  =  depth  of  shaft. 
All  dimensions  must  be  in  feet  or  all  in  inches. 

N= j^ ^.  (87.)     Art.  1487. 


MBTHODS  OP  TVORKING  COAL  MINES. 


RADIUS  OF  SHAFT  PILLAR. 

Let  R  =  required  radius  of  pillar; 
Z>=  depth  of  shaft; 
/  =  thickness  of  seam. 

Then,  7?  =  3 1/^7. 


THICKNKSS    OF    CYLINDRICAL    OR    SPHERICAL    DAMS  TO 

RCSIST    A    GIVEN    PRESSURE. 

Let  T ^=  thickness  in  inches; 
A^  =  short  radius  in  inches; 
U=^  ultimate  crushing  strength  in  pounds  per  square 

inch,  which  is,  for  timber,  8,000;  for  stone,  0,000, 

and  for  brick,  2,500; 
P=  head  of  water  in  pounds  per  square  inch. 

Then,  for  a  cylindrical  dam, 

T=R^^^l-\/  i-~^V  (88.)     Art.  1710. 

For  a  spherical  dam, 

T=RU-  V  1  -  -^  I .  (89.)     Art.  1 710. 


SVi 
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These  formulas  give  very  small  thicknesses  for  clams  to 
resist  comparatively  slight  pressures.  In  no  case,  when  a 
Srater  head  of  over  10  feet  is  to  be  resisted,  is  it  good  prac- 
''tice  to  make  the  dam  less  than  3  feet  thick.  For  heavy 
pressures  the  formulas  are  safe,  provided  their  results  exceed 
3(j  ioches,  after  being  multiplied  by  3. 

FORMULAS    rSED    IN    MECHANICS. 

MOTION   AXn   VBLrtCITV. 

Let  s  =  distance  traveled  by  moving  botiy; 
I'  =  uniform  velocity  of  body ; 
/  =  the  time. 


Then, 


(90.) 
(91.) 
(92.) 


Art.  1827. 
Art.  1828. 
Art.  1829. 


CENTER  OP  GRAVITV. 

I-et  If  =  weight  of  smaller  body; 
IV=  weight  of  larger  body; 
/  =  distance  between  centers  of  gravity  of  the  tw 

/,  =  distance  from  the  center  of  gravity  of  the  tw 
to  center  of  gravity  of  larger  body. 

Then,       /,  =  ,,;"'/,,,  (93.)     Art.  1842. 


■  II''+  w- 


THE  l-EVKB. 

Let  P  =  the  power; 
H'=  the  weight; 
a  =  perpendicular  distance  of  power  from  fulcrum  = 

power  arm; 
fi  =  perpendicular  distance  of  weight  from  fulcrum  = 
weight  arm; 
*.•  "n  "»'   ■  ■  -  ■  ~  power  arms  of  compound  lever; 

li  ,  A,,  i, =  weight  arms  of  compound  lever. 

Then.  P<t=  W  h.  (94.)     Art.  1851. 

/'X  ^,  Xa,  X  a,  X =  (Kx  *,  X  -S,  X  -*,  X (95.) 

Art.  18S2. 
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RBLATIOIV  BBTWBBN  8PBBD  AND  DIAMBTBK  OK  PULLBYS. 

Let  D=  diameter  of  the  driver; 
d  =  diameter  of  the  driven ; 
N  =  number  of  revolutions  of  the  driver; 
n   =  number  of  revolutions  of  the  driven. 

d?i 


Then, 


D  = 


d  = 


n  = 


N  = 


N' 

DN 
n 

DN 
d   • 

dn 
'D' 


(96.)  Art.  1863. 

(97.)  Art.  1864. 

(98.)  Art.  1865. 

(99.)  Art.  1866. 


\«rHBBL.  WORR. 

Let  Z>,,  Z>,,  Z>,, .  . . .  =  diameters  of  driving  pulleys; 

^i»  ^«»  ^»» —  diameters  of  driven  pulleys; 

P  =  power  exerted ; 

W  =  weight  lifted. 
Then, 


p  _  Wx  d^x  d^xd^x 

""     D^  XD^X  D^X 

IY_  PX  D,X  D^X  D^X  ... 
~        d^X  d^X  d^X 


(lOO.) 


(lOl.) 


Art.  1867. 


niAMBTBR,  PITCH,   AND  8PBBD  OF  GEARS. 

Let  P  =  pitch; 

T=  number  of  teeth; 

D  =  pitch  diameter  of  the  wheel; 

pr 


Then,  D  =  :^ 


T  = 


P  = 


P       • 

:3.ui(>/; 
T     ' 


(102.)  Art.  1873. 
(103.)  Art.  1874. 
(104.)  Art.  1875. 


J 


V' 
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Let  i'v  =  number  of  revolutions  per  minute  of  the  driver; 
r  =  number  of  revolutions  per  minute  of  the  driven; 
7"=  number  of  teeth  in  the  driver; 
t  =  number  of  teeth  in  the  driven. 


Then, 


TJi 


(105.)  Art.  1878. 

(106.)  Art.  1879. 

(107.)  Art.  1880. 

(108.)  Art.  1881. 


LAW  OF  COIUBINAXION  OF  PULLEVS. 

/«  any  combination  of  pulleys  where  one  eoniinuous  rope 
is  used,  a  load  on  the  fret  end  will  balance  a  weight  on 
the  movable  block  as  many  times  as  great  as  itself  as  there 
are  parts  of  the  rope  supporting  the  load — not  counting  the 
free  end. 

HORSEPOWER  OF  GEARS. 

Let  p  =  pitch  of  teeth  of  gear  (breadth  of  face  is  3^  to  3/>) ; 

s  =  speed  of  point  pn  pitch  circle  in  feet  per  minute; 

//=  horsepower  transmitted  by  gear. 

Then,     H=. 01  sp\  (109.)     Art.  1882. 


THE  INCLINED  PLANE. 

When  the  power  acts  parallel  to  the  plane: 

The  poiver  multiplied  by  the  length  of  the  inclined  plane 
equals  the  weight  multiplied  by  the  lulght  of  the  inclined 
plane.     Art.  1885. 

When  the  power  acts  parallel  to  the  base: 

The  power  multiplied  by  the  base  is  equal  to  the  weight 
multiplied  by  the  height  of  the  inclined  plane.     Art.  1 885. 


\ 
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THB  8CRBW. 

Let  W  =  weight  lifted  by  screw; 
P  =  force  applied  to  handle; 
/  =  pitch  of  screw; 
R  =  radius  of  circle  of*  force  P. 


Then,  w^=6,28^P^      ^^ 

P 


Art.  1888. 


LA^irS  OF  FRICTIOB9. 

Art.  1892. 

(1)  Friction  is  directly  proportional  to  the  perpendicular 
pressure  between  the  two  surfaces  in  contact, 

(2)  Friction  is  independent  of  the  extent  of  the  surf  cues  in 
contact  when  the  total  perpendicular  pressure  remains  the 
same, 

(3)  Friction  increases  with  the  roughness  of  the  surfaces. 

(4)  Friction  is  greater  between  surfaces  of  the  same 
material  than  between  those  of  different  materials. 

(5)  Friction  is  greatest  at  the  beginning  of  motion. 

(6)  Friction  is  greater  between  soft  bodies  than  between 
hard  ones. 

(7)  Rolling  frictio7i  is  less  than  sliding  friction. 

(8)  Friction  is  di/ninished  by  polishing  or  lubricating 
the  surfaces.  

CENTRIFUGAL    FORCK. 

Let  F  -=.  centrifugal  force  in  pounds; 

rF=  weight  of  rev-olving  body  in  pounds; 

A^  =  radius  in  feet  of  circle  described  by  center  of 

gravity  of  revolving  body; 
A''=  revolutions  per  minute  of  revolving  body. 

Then,  F  =  .  00034  IV  R  N\  (112.)     Art.  1 898. 


§  16  TABLES  AND   FORMULAS.  141) 

WORK  AND  BNBRGY. 

The  force  {or  resistance)  multiplied  by  the  distance  through 
which  it  acts  equals  the  work.  If  a  weight  be  raised^  the 
weight  multiplied  by  the  vertical  height  of  the  lift  equals  the 
work.     Art.  1902. 

One  horsepower  is  33,000  foot-pounds  per  minute;  in  other 
words ^  it  is  33,000  pounds  raised  vertically  one  foot  in  one 
minute y  or  1  pound  raised  vertically  33,000  feet  in  07ie  minute^ 
or  any  combination  that  will,  when  multiplied  together^  give 
33,000  foot-pounds  in  one  minute.     Art.  1903* 

Let  W -=•  weight  of  a  body  in  pounds; 

v  =  velocity  of  body  in  feet  per  second; 
K  =  kinetic  energy. 

Then,      K  =  ^^.  (113.)     Art.  1 904. 

64.32 


BBLT8. 

Let  D  =  diameter  of  one  pulley ; 
Z>,  =  diameter  of  other  pulley; 
L  =  distance  between  shafts; 
B  =  length  of  open  belt. 

^=3i(^+^')  +  2Z.  (114.)     Art.  190a 

Let  W  =  width  of  single  belt  in  inches; 
IV^  =  width  of  double  belt; 
/f  =z  horsepower  to  be  transmitted ; 
5  =  speed  of  belt  in  feet  per  minute. 

Then,     IV  =  ^^^.  (115.)     Art.  1 909. 

IVS 
7/=-^.  (116.)     Art.  1910. 

lV,=  ilV.  (117.)     Art.  1911. 
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TBN8IL.B  8TRBNGTH  OF  MATBRIAI^S. 

Let  IV  =  safe  load  in  pounds; 

A  =  area  of  minimum  cross-section ; 
5  =  working  stress  in  pounds  per  square  inch  (see 
table  of  Tensile  Strengths  of  Materials). 

W=  A  S.        (118.)    Art.  1934. 

IV 
A  =  -^.  (119.)    Art.  1 935* 

W 
5  =  -^.  (1 20.)    Art.  1 936. 

Formulas  for  tlie  Strenfftli  of  Chains. 

Let  IV  =  safe  load  in  pounds ; 

D  =  diameter  in  inches  of  the  iron  from  which  the 
links  are  made. 

For  a  stud-link  chain, 

IV  =  18,000  D\  (121.)    Art.  1938. 

For  a  close-link  chain, 

W=  12,000  IT.  (122.)     Art.  1939. 

Formulas  for  the  Strength  of  Hemp  Ropes. 

Let  IV  =  maximum  working  load  in  pounds; 
C  =■  circumference  of  rope  in  inches. 

Then,     IV  =  100  C\  (123.)     Art.  1941. 

C  =  .1|/TF.  (124.)     Art.  1942. 

Formulas  for  the  Strength  of  Wire  Ropes. 

Let  IV  =  maximum  working  load  in  pounds; 
C  =  circumference  of  rope  in  inches. 

H^=  600  C\  (125.)     Art.  1944. 

C  =  .0408  |/TP.     (126.)     Art.  1945. 

The  above  formulas  are  also  applicable  when  computing 
the  safe  strength  of  steel-wire  rope  by  substituting  the  con- 
stant 1,000  for  the  cpnstant  600,  and  .03J6  for  .0408. 


J 
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CRUSHING  STRENGTH   OF  MATERIALS. 

Formula  for  the  Strength  of  Pillars. 

The  following  formula  is  applicable  to  pillars  commonly 
used  in  practice,  the  lengths  of  which  are  about  from  10  to 
40  times  their  least  diameter,  or,  if  rectangular,  their  least 
thickness  as  indicated  byrf; 

I    Let  C  =  crushing  strength  in  tons  per  sq,  in.  (see  table  of 
Crushing  Strengths  of  Materials) ; 
S  =  sectional  area  in  inches; 
/.  =  length  in  inches; 
d  =  least  thickness  of  rectangular  pillar,  or  diameter 
of  round  pillar  in  inches; 
IV=  breaking  load  in  tons; 
a  =  constant  (see  table  of  Constants  for  Pillars), 


Then.     iy  = 


L' 


(127.)     Art.  1951. 


1  + 


,td' 


TBANBVESBB  STRENGTH  OP  MATERIALS. 

Strength  of  Beams. 

rf  =  depth  of  beam  in  inches; 
IV  —  width  of  beam  in  inches; 
rf,  =  diameter  of  cylindrical  beam  in  inches; 
L  =  length  between  supports  in  feet 

=  distance  between  load  and  fixed  end,  in  the  case  of 
cantilevers; 
S  =  safe  transverse  strength  (see  table  of  Constants  for 

Transverse  Strength  of  Beams); 
IV=  safe  load  in  pounds. 

Cantilevers.      (Load  at  End.) 
W=^^^.  (128.)    Art.  1954. 


IV = 


Gd'S 


(129.)     Art.  1955. 


If  the  load  is  uniformly  distributed,  multiply  the  results 
obtained  from  formulas  128  and  129  by  2. 
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Beams  Supported  at  tlie  Ends* 
^^i£_^  (130.)    Art.  1957. 

^^4///x.65        (131^)    Art.  1958. 

If  the  load  is  uniformly  distributed,  multiply  the  results 
obtained  by  2.  

8HBARING  8TRBNGTH  OP  M ATBRIAL8. 

a  =  area  of  cross-section  in  square  inches ; 

S  =  safe  shearing  stress  (see  table  of  Shearing  Strengths 

of  Materials); 
IV  =  safe  load  in  pounds. 

W  =  aS.  (1 32.)     Art.  1 9«3. 


LINB  SHAFTING. 

D  =  diameter  of  shaft ; 

R  =  revolutions  per  minute; . 

If  =  horsepower  transmitted ; 

C  =  constant  (see  table  of  Constants  for  Line  Shafting). 

H  =  ^^.  (1 33.)     Art.  1 966. 

R  =  ^.  ( 1 34.)    Art.  1 967. 

^=y^'         (135.)    Art.  1968. 

FORMULAS    USED    IN    STEAM    AND    STEAM- 
BOILERS. 


SPECIFIC   HEAT. 

W=  weight  of  body  in  pounds; 
/  =  temperature  before  heat  is  applied; 
/,  =  temperature  after  heat  is  applied; 
c  =  specific  heat  of  body ; 

i/=  number  of  B.  T.  U.  required  to  raise  temperature  of 
body  from  /  to  /,. 

[/=  c  W{t-  t\  (136.)     Art.  1983. 


IR 
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TBMPCRATURE  OF  MIXXCRES. 

•w,  w„  w,, . , .  .=  weights  of  the  several  substances,  respect- 
ively ; 
c,  f,,  <",,....   =  specific  heats  of  the  substances,  respect- 
ively; 
/,  /,,  /, =  temperatures  of  the  substances,  respect- 
ively; 
T  ^  final  temperature  of  mixture. 

'="'Zt+;^''+'"'c+^::"-  <»37-)  Art.i987. 

PRBSaUtlG  AKD  TEMPEKATURE  OF  STEAM. 

Let  /  =  temperature  of  steam; 

/>  =  gauge-pressure  of  steam. 
Then,  /=  100+  U //.  (138.)     Art.  1996. 


=(m^)' 


(139.)     Art.  1997. 


XOTAL  HBAT  OF  VAPORU 

Let  //=  total  heat  of  vaporization  in  B.  T.  U. ; 

/  =  temperature  of  sieam. 
Then,  //=  1,081.4+ .aos/-.  (140.)     Art.  19 

BAFE  WORKING  PRESSURE  OF  BOILISHS. 

Let  /  =  thickness  of  plate  in  inches; 
d=  diameter  of  shell  in  inches; 
r  =  a  constant; 
p  =  safe  working  pressure. 


Then, 


/-T? 


«■■ 


(141.)     Art.  2032. 


The  constants  to  be  used  in  formula  141  are  as  follows  : 

Wrought-iron  plate,  single-riveted  joint 10,224 

Wrought-iron  plate,  double-riveted  joint '3.152 

Steel  plale,  single-riveted  joint i6,6dS 

Steel  plate,  double-riveted  joint io,6S8 
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CHIMNBYS. 

Let  A  =  area  of  chimney ; 
H  =  horsepower  of  boiler ; 
A  =  height  of  chimney. 

Then,  //  =  ( -^ — V.  (142.)     Art,  2036. 


FORMULAS    USBD   IN   STEAM-ENGINES. 


INDICATED    HORSBPO^ITBR. 

I.  H.  P.  =  indicated  horsepower  of  engine ; 

/'=  mean  effective  pressure  (M.  E.  P.)  in   lb.  per 

square  inch; 
A  =  area  of  piston  in  square  inches ; 
L  =  length  of  stroke  in  feet; 
iV=  number  of  strokes  per  minute. 

PT  A  N 
I.  H.  P.  =  ^-^^.  (143.)     Art.  20©7. 

MBAN    BFFBCTIVB   PRB88URB. 

/  =  gauge-pressure ; 

^  =  a  constant  corresponding  to  the  apparent  cut-off 
(see  table  of  Constants  Used  in  Determining 
M.  E.  P.); 
M.  E.  P.  =  mean  effective  pressure. 

M.  E.  P.  =  .9  [/('(/+  14.7)  -  17].         (144.)     Art.  2060. 

For  a  condensing  engine,  subtract  the  condenser  pressure 
instead  of  17. 

MECHANICAL  BFFICICNCY  OF  BNGINB. 

I.  H.  P.  =  indicated  horsepower,  or  total  horsepower  devel- 
oped; 
N.  H.  P.  =  the   net   horsepower;    that   is,   the   horsepower 
remaining  for  the  performance  of  useful  work  = 
I.  H.  P. -Friction  H.  P.; 
E^  —  mechanical  efficiency  of  engine. 

E^  =  ^^f .  (146.)  Art.  2076. 
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PISTON    SPEED. 

J  =  length  of  stroke  in  inches; 
Ji  =  number  of  revolutions  per  minute; 
5  =  piston  speed  in  feet  per  minute. 


S  = 


(145.) 


FORMULAS    L'SED    IN    AIR    AND    AIR 

COMPRESSION. 

AREA   UNDEU  AUIABATIC  CURVE. 

1  /  =  higher  pressure; 
I  />^  =;  lower  pressure ; 

'  =  volume  corresiTOnding  to  pressure/; 
',  =  volume  corresponding  to  pressure/,; 
'  A  =  area  under  curve. 

f  Then,  A 


_pv-/;v, 
.41 


(147.)     Art,  2114. 


[   CAI^DLATION  of  the  size  of  an  AIR-L'OMPRESSOR. 

Let  //=the   number   of    horsepower    the   engine   is   to 
develop; 
D  =  diameter  of  cylinder  in  inches ; 
T  =  ratio  of  length  of  stroke  to  diameter  of  cylinder; 
P  =  mean  effective  pressure  per  sq.  in.  on  the  piston; 
N=  number  of  strokes  per  minute. 

IT 

rPN' 


Then.  /J  =  79.61 


(148.)    Art.  2152. 


[>RMUL,AS    USED     IN     HVDHOMECIIANICS    AND 
PUMPING. 

LIQUID    PHESSIHE. 

=  area  of  a  submerged  surface  in  square  inches; 
=  distance  in  inches  of  center  of  gravity  of  surface  from 
.surface  of  liquid; 
I  w=  weight  of  a  cubic  inch  of  the  fluid  in  pounds  ; 

p  =  pressure  on  surface  of  liquid,  pounds  per  sq,  in, ; 
I  7*=  total  pressure  on  submerged  surface  in  pounds. 

^L  P=a{dw+p).  (164.)     Art,  2179. 
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MEAN   VELOCITY  OF  FLOW^. 

Let  Q  =  the  quantity  in  cubic  feet  which  passes  any  sec 
tion  in  1  second ; 
A  =  the  area  of  the  section  in  square  feet ; 
7  =  the  mean  velocity  in  feet  per  second. 

Then,        Q  =  Av.  (165.)     Art.  21 85. 

2/  =  ^.  (166.)    Art.  21 85. 


VELOCITY  OF  EFFLUX  OF  AN  ORIFICE. 

_  • 

Let  V  =  the  velocity  of  efflux  in  feet  per  second ; 
h  =  the  head  in  feet  on  the  orifice  considered; 
//j  =  the  head  equivalent  to  a  pressure  /. 


v  =  i/\^.  (167.)    Art.  2186. 


V* 


A  =  —.  (168.)    Art.  2186. 

^,  =  -~7,  where  //    is  in  feet,  and  /  in  pounds  per 


square  inch. 
<;2.5' 


//,  =  .\ry,   where  //^  is  in   feet,   and  /  in  pounds  })er 


square  foot. 
h  -h  /i^  =  the  fo/a/  head. 


v:=^S^'lg{li^-\-li).  (169.)     Art.  2187* 

Range  =  4/4  /T^,  ( 1 70.)     Art.  2 1 88. 

where  y  is  the  vertical  height  of  the  orifice  above  the  point 
where  the  water  strikes. 

If  a  is  the  area  of  a  large  orifice  in  the  bottom  of  a  small 
vessel  whose  area  is  /i,  the  velocity  is 

V       /-^'^V  (171.)     Art.  2189. 

a 

Actual  velocity  of  eftlux  from  a  small  square-edged  orifice: 
7/  =  . [)H  V'Zgli,  {17 Z.)     Art.  21 90. 
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i  Actual   quantity  discharged  from  a  smaSl  square-eiJged 
'tifice: 

(y=j;[r>Av.  (173.)     Art.  2I9I. 

THBORETICAI.    AN1>    ACTUAL    DISCHARCE. 

I  Let  Q  =  theoretical  number  of  cubic  feet  discharged  per 
second ; 
f„  =  theoretical  mean  velocity  through  orifice  in  feet 

per  second  =  Q-i-  A  ; 
A   =  area  of  orifice  in  square  feet; 
A   =  iheoretica!  head  necessary  to  give  a  mean  veloc- 
ity 7'„; 
Q^=  actual  quantity  discharged  in  cubic  feet  per  sec- 
ond. 

Then,  for  an  orifice  in  a'  thin  plate,  or  a  square-edged 
orifice  (the  hole  itself  may  be  of  any  shape — triangular, 
square,  circular,  etc. — but  the  edges  must  not  be  rounded), 
the  actual  quantity  discharged  is 

Q^=.ai6Q  =  .Gl5Av„=.Gl5Ai^iJI.   (174.)   Art.  2195. 

For  a  discharge  through  a  short  tube : 
Q,=.»l5Q  =  .Pil5  A  z-^=.Sl5  A  ^-TfA.   (175.)   Art.  2195. 

For  a  discharge  through  a  mouthpiece: 
g.=.97  Q  =  .Q7Av,=.97Ai^ijA.       (176.)     Art.  2195. 

For  a  discharge  through  the  compound  mouthpiece,  the 
area  of  the  orifice  being  taken  as  the  area  of  the  smallest 
section: 

G.  =  1-5530  Q=  LoSafi  .-I  7v-  1.5520  A  i/fYI.  (177.) 

Art.  2195. 

In  these  four  formulas  it  is  taken  for  granted  that  there 
is  a  constant  head. 

FLOW    OF    WATE«    THROUGH    WRIR8. 

If  d  =  the  depth  of  the  opening  in  feet,  and  *  its  breadth 
in  feet,  the  area  of  the  opening  is  A  =  d  y.  b.  and  the  theo- 
retical discharge  is  Q  =  d  y.  b  y.  v„  =  d  b  ')^\  ^'Igh  = 
\bd^-i.gd,  the  head  for  this  case  being  taken  as  d. 
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The  actual  discharge  is 

a=.G15  Q  =  .615  X  iddi/2YI=  .41  bj^/¥g^.        (178.) 

Art.  2198. 

That  is,  the  actual  discharge  in  cubic  feet  per  second 
through  a  weir  whose  top  is  on  a  level  with  the  upper  surface 
of  the  water ^  is  equal  to  .J^l  multiplied  by  the  breadth  of  the 
weiry  multiplied  by  the  square  root  of  2g  times  the  cube  of  the 
depth  of  the  weir.     A II  dimensions  are  to  be  taken  in  feet. 

To  obtain  the  mean  velocity  z/,^,  divide  the  actual  discharge 
by  the  area  of  the  weir,  or 

t^.  =  §^  =  ^.  (179.)     Art.  2199. 

For  a  weir  whose  upper  edge  is  below  the  level  of  the 
upper  surface  of  the  water,  let  A,  be  the  depth  in  feet  of  the 
top  of  the  weir  below  the  surface  of  the  water,  and  h  the 
depth  in  feet  of  the  bottom  of  the  weir  below  the  surface  of 
the  water.    The  actual  discharge  Q^  in  cubic  feet  per  second  is 

(2a=.41d4/^(V^-V^).  (180.)    Art.2201. 


FLCW  OF  W^ATER  IN  PIPES. 

Ttie  Mean  Velocity  of  Disctiarge. 

For  straight  cylindrical  pipes  of  uniform  diameter: 

Let  v^  =  mean  velocity  of  discharge  in  feet  per  second; 

//  =  total  head  in  feet  =  the  vertical  distance  be- 
tween the  level  of  the  water  in  the  reservoir 
and  the  point  of  discharge; 

/   =  length  of  pipe  in  feet; 

d  =  diameter  of  pipe  in  inches; 

f  =  coefficient  of  friction. 


Then,  v,„  =  2.315  V  VXT^-  (181*)     Art.  2203. 

/  t  +  ia 

When  the  pipe  is  very  long,  compared  with  the  diameter, 
the  following  formula  may  be  used: 


v^  =  2.315\^~j.  (182.)     Art.  2204. 
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Tbe  Actual  Head. 

e  actual  head  necessary  to  produce  a 
lay  be  calculated  by  the  formula 


(183.)     Art.  2205. 


Tbe  Quantity  Discharged   frum   Pipes. 

;  d=  the   diameter   of    the   pipe   in    inches;  then   tbe 
icharg:e  Q  in  gallons  per  second  is 

Q  =  .ii!^%d*v^.  (184.)     Art.  2206. 

If  the  diameter  of  the  pipe  and  the  discharge  are  known, 
die  mean  velocity  v^  is 

^'.,  =  ^^^-  (185.)     Art.  2207. 

If  the  head,  the  length  of  the  pipe,  and  the  diameter  of 
he  pipe  are  given,  lo  find  the  discharge  use  the  formula 


//+.m>d 


(186.)     Art.  2208. 


To  find  the  value  of  _/'  calculate  v„  by  formula  182* 
assuming  that  /=  .035,  and  get  the  final  value  of  /  from 
the  following  table  (Art.  2209): 


^~  = 

a. 

... 

0.4 

o.S 

0.6 

/= 

.oC86 

.0527 

■0457 

.0415 

.°3a7 

■036s 

*"■  = 

0.7 

0,8 

0.9 

' 

'•A 

'% 

/= 

.0349 

.0336 

■0325 

■0315 

.0297 

.0284 

fm  = 

3 

4 

6 

8 

,. 

/  = 

.0.65 

-0^43 

,QI3 

,0214 

,0205 

.0.93 
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PO^WBR  NBCBSSARY   TO  ^WORK  A  PCJBCP. 

Rule. — In  all  pumps^  whether  lifting^  force^  steam^  single 
or  double  actings  or  centrifugal^  the  number  of  foot -pounds  of 
power  needed  to  ivork  the  pump  is  equal  to  the  weight  of  the 
water  in  pounds  multiplied  by  the  vertical  distance  in  feet 
between  the  level  of  the  water  in  the  well^  or  source^  and  the 
point  of  discharge^  plus  the  work  necessary  to  overcome  the 
frictioji  and  other  resistances.     Art.  221 9. 

Rule. —  The  work  done  in  one  stroke  of  a  pump  is  equal  to 
the  weight  of  a  volume  of  water  equal  to  the  volume  displaced 
by  the  piston  during  the  stroke y  multiplied  by  the  total  verti- 
cal distance  in  feet  through  zuhich  the  water  is  to  be  raised^ 
plus  the  work  necessary  to  overcome  the  resistances.  Art 
2220. 

DUTY   OF  A  PUMP. 

The  duty  of  any  pump  or  pumping-engine  is  the  number 
of  pounds  of  water  raised  one  foot  high  for  each  100  pounds 
of  coal  burned  in  the  boiler.     Art.  2222* 

G  =  number  of  gallons  discharged  per  hour, 

h  =  total  vertical  divStance  in  feet  between  the  level  of 

the  water  in  sump,   or  other  source  of  supply,  and 

the  point  of  discharge; 
IV  =  weight  in  pounds  of  coal  burned  per  hour; 
1)=  duty  in  foot-pounds. 

^^835_5_^//  ^^^^^^     Art.  2223. 


BALANCING   THE  I>UMP-ROnS. 

Let  F  =  force    causing    acceleration   =   \veight    of    pit- 
work  —  weight    of     water    column  —  frictional 
resistances; 
[r'=  total  weight  to   be  accelerated  =  weight  of  pit- 
work  -{-  weight  of  water  column ; 
g  =  .'j*-3.10,  the  acceleration  due  to  gravity; 
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f  =  acceleration  of  pit-work  in  feet  per 
J  1=  stroke  of  engine ; 
/  =  time  occupied  in  making  stroke. 


Then,       / 


Art.  2248. 


.  224». 


CAIfULAXIONB  PERTAINING  TO  PUMPS. 

Head  and   Pressure. 

To  find  the  pressure  in  pounds  per  square  inch  correspond- 
\  to  any  given  head  of  water: 

nulv.—Afuiliply  the  head  hi  feet  by  .^SJ,;   the  result  is 
e  pressure  in  pounds  per  square  inch.     Art.  22S9> 
To  find  the  head  of  water  corresponding  to  a  given  pres- 
sure in  pounds  per  square  inch: 

Rule. — Multiply  the  given  pressure  in  pounds  per  square 
inch  by  2.S0Ji ,-  the  result  is  the  head  in  feet.     Art.  2290. 

tSIxe  of  Plunger-Cyltnder  for  Given   DIscharKe. 
Let  G  =  number  of  gallons  discharged  per  minute; 
S  =  plunger  speed  in  feet  per  minute; 
d  =  diameter  of  cylinder  in  inches. 
Then,  the  theoretic  diameter  is  given  by  the  formula 
^=4.55  »'''£-  Art.  2291. 


Since  there  is  always  more  or  less  slip  of  the  water  past 
the  plungers,  it  is  usual  to  add  \  of  the  required  number  of 
gallons  to  the  value  given  to  G  in  the  above  formula  to 
allow  for  this  slip.      Doing  so,  the  formula  becomes 

=  5.535  V  4- 


(190.)     Art.  2291. 

Tbe  IHftcharKe  of  a  Pump. 

^  Allowing  for  slip, 

(7=.032G+rf'5.  (191.)     Art.  2292. 

I  The  theoretic  discharge  is 


i 


1G2  TABLES  AND  FORMULAS.  §  21 

Horsepo^wer  Required  for  a  Given  DiacliArg^e* 

H  =  horsepower,  allowing  for  friction  and  slip; 
//  =  height  through  which  water  is  lifted. 

H=  .00038  G  h.  (192.)     Art.  2293. 

To  find  the  height  through  which  a  pump  will  raise  water 
with  a  given  horsepower : 

To  Find  tlie  Size  of  tlie  Steam  or  Air  Cylinder  of 

a  Pump. 

Let  5  =  piston  speed ; 

D  =  diameter  of  cylinder  in  inches; 

r  =  ratio  between  the  length  of  stroke  and  diameter 
of  cylinder; 

/  =  length  of  stroke  in  feet ; 
N  =^  number  of  strokes  per  minute; 
//=  horsepower; 
P  =  steam  or  air  pressure  per  sq.  in. 

Then,  D  =  205 i/^,.  (194.)     Art.  2295. 

The  diameter  may  also  be  found  by  formula  l^S^ 

a/    77 
77=  70.  Of     ^ 


rPN' 

Having  obtained  the  diameter  by  either  formula  194  or 
formula  148,  the  stroke  can  be  found  by  multiplying  the 
diameter  by  the  value  of  the  ratio  r.  In  case  formula  194 
is  used,  the  number  of  strokes  can  be  found  by  dividing  the 
piston  speed  by  the  length  of  the  stroke  in  feet. 

Size»  of  Suction  and  Delivery  Pipes. 

The  usual  practice  is  to  allow  a  velocity  of  200  feet  per 
minute  in  the  suction-pipe  and  400  feet  per  minute  in  the 
delivery-pipe. 

Let  <-/,  —  diametiT  of  suction-pipe; 
J^  —  (lianietcr  of  delivery-pipe. 

Then,     ./,  =  . X,  y^G.  ( 1 96.)     Art.  2296. 

c/^  =  .'Zo  i  G.  ( 1 96.)     Art.  2296. 


p 
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Th 

e  pipes  may  be  larger  than  the  values  caJculaled  liy 

the            1 

ibove  formulas,  particularly  the  suction-pipe,  but  it  is  n 

1 

;ood 

plan  to  make  them  any  smaller.      The  larger  the  pipes              | 

re, 

he   less  the  velocity,  and,  consequently,  the  less 

the 

rietional  resistances. 

FORMULAS    USEIJ    IN    MINE    HAULAGE. 

GRAVITY- PLANES. 

Let  (r,  =  weight  in  pounds  uf  descendiny  l.iadtd  car; 

W,  =  weight  in  pounds  of  ascending  empty  car; 

((■'',  =  weight  in  pounds  of  hauling  rope; 

a     =  percentage  of  grade,  expressed  decimally  ; 

F    =  available  gravity  force  due  to  coal ; 

F,  =  total  gravity  force  due  to  coal ; 

F,  =  total  force   required    to  overcome   weight 

and 

friction  of  rope. 

F,  =  a  "^.+  ^y--           (187-)     Art.  2326. 

F,  =  n  (IF,-  n\).           (198.)     Art.  2327. 

... 

(ir,-n;)--^ti!i.        (i»9.)   An,  2327 

ENGINB-PLANBS  AKn  TAII.-ROPE  1»VHTI!MS. 

W 

—  total  weight  of  train  in  pounds; 

f^i 

=  weight  of  train  of  empty  cars; 
=  weight  of  hauling  rope  in  pounds; 

"'< 

=  difference  between  weights  of  hauliny  rojif  uiui  tail                H 

rope; 

^1 

a 

—  percentage  of  grade,  expressed  decimally; 

^^^H 

T 

=  tension  in  main  rope  in  pounds; 

^^^^1 

T, 

=  tension  in  tail-rope; 

^^^^1 

H 

=  horsepower  required  for  haulage; 

^^^^H 

V 

=  velocity  of  rope  in  feet  per  minute. 

^ 

T 

=  ^-^^^->r"(W+-w).           (200.)     Art.  2348. 

J 
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When  a  return  rope  is  used, 

T=  ^+  "^^  ^-a  IV.  (201.)    Art.  2353. 

^.  =  "''.t"'  +  *»  ^^'r     Art.  2366. 

^=3S<,-  (202.)    Art.  2353. 

If  the  haulage-roads  have  a  fall  towards  the  bottom  of  the 
shaft,  the  tension  in  the  hauling  rope  of  .a  tail-rope  system  is 

T  =  -^-  -a  (IV-  w;).  (2O40     Art.  2370. 

r.  =  -^^  +  ^  ( ^^;  -  «\).  (205.)     Art.  2370. 

Number  of  Cars  and  Distance  Apart  on  Haulage- 
Band. 

O  =  output  of  coal,  tons  per  day ; 

o  =  weight  of  coal  in  tons  carried  by  single  car; 

o^  =  weight  of  coal  in  cars  attached  to  hauling  band; 

D  =  distance  traveled  by  a  point  of  the  rope  in  one  day , 

^  =  distance  in  feet  traveled  by  rope  from  return  sheave 

to  hoisting-shaft; 

;/  =  number  of  full  cars  on  main  rope  band; 

r  =  distance  in  feet  between  cars  on  band. 

Then,        o^  =  ^^.  (206.)     Art.  2405. 

//  =  ^.  (207.)     Art.  2405. 

r  =  -.  (208.)     Art.  2405. 

Tension  on  Kopes  and  Horsepoiiver. 

IV  =  weight  of  loaded  cars  on  one  side  of  rope  l)and; 

7i\  =  weight  of  emj)ly  cars  on  ingoing  eide  of  rope  band; 

2ij  =  weight  of  rope  band; 

a    =  percentage  of  grade,  expressed  decimally, 

T  =  tension  in  r()i)e  in  pounds. 

Then,  r  =  -:^ 'Ij' '^'''  +  a{l V -  «-, )•  ( 2 1 0.) 

Art.  2412. 
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If  the  road  has  a  fall  towards  the  shaft,  the  grade  is  nega- 
tive, and  the  formula  becomes: 

T= -^ a  ( VV-  w^). 


RULES    AND    FORMULAS    USED    IN    HOISTING 
AND   HOISTING   APPLIANCES. 


SIZB  OP  BNGINB-CYLINDBR. 

Rule. —  To  find  the  actual  load  on  the  engines^  add  to  the 
net  load  lOi  of  the  gross  load.     Art.  2473. 

Rule. —  To  find  the  work  required  of  the  engines  per  revo- 
lution of  the  drum^  multiply  the  actual  load  in  pounds  by  the 
working  circumference  of  the  drum  i?i  feet.     Art.  24^1 4k. 

Let  D  =  diameter  of  cylinder  in  inches; 

zu  =  work  done  per  revolution  in  foot-pounds; 

P  =  mean  effective  pressure  in  pounds  per  square  inch ; 

r  =  stroke  divided  by  diameter; 

r,  =  ratio  of  gear  to  pinion  in  second-motion  engine. 

D  =  \A)iy^-.  (211.)     Art.  2475. 

For  second-motion  engine, 

Z^=  Lory  ^ .        (212.)     Art.  2479. 

CONICAL   DRUMS. 

Let  M=  the  weight  of  material; 

C  =  the  weight  of  cage  and  car; 
R  =  the  weight  of  rope; 
D  =  large  diameter  of  drum; 
d  =  small  diameter  of  drum. 

Z,=  ^£(i£+||+M).  (2,3.)    Art.  2491. 
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RULHS  USED  IN  PERCUSSIVE  AND   ROTARY 

BORING. 


TEMPERING   DRILLS. 

In  tempering  a  drill,  the  following  points  should  be 
observed : 

1.  When  the  bit  is  dipped  in  water,  it  should  be  moved 
up  and  down,  or  the  molecular  tension  above  and  below  the 
water-line  will  be  so  different  that  the  bit  will  be  liable  to 
break  in  the  same  way  as  the  bottom  of  a  glass  vessel  is 
cracked  by  pouring  hot  water  into  the  vessel. 

2.  The  bit  of  a  drill  should  not  be  placed  in  the  incan- 
descent cinders  of  a  fire  to  be  heated,  for  the  cutting  edge 
will  be  decarbonized  and  rendered  worthless. 

3.  The  bit  should  be  heated  a  few  inches  from  the  cutting 
edj^e  to  prevent  decarbonization,  and  it  should  not  be  kept 
in  the  fire  longer  than  necessary  to  heat  it  to  a  cherry-red 
heat. 

4.  Immediately  after  removing  the  bit  from  the  fire,  it 
should  be  dipped  in  water  for  a  moment  lo  partially  cool  it 
and  then  rubbed  on  a  stone  to  remove  the  outside  scale,  in 
order  that  the  colors  can  be  easily  distinguished. 

5.  The  colors  should  advance  parallel  to  the  cutting 
edge,  and  if  in  any  case  they  are  ol)served  to  do  otherwise, 
that  portion  of  the  bit  to  which  I  hey  are  advancing  most 
rapidly  should  be  dipped  i:i  water.  Frecjuently  it  is  neces- 
sary to  dip  the  l)it  in  water  several  times  to  obtain  the 
proper  parallelism  before  the  final  cooling.  If  the  bit  were 
cooled  when  the  (H)lors  were  not  parallel  to  its  cutting  edge 
but  crossed  it,  the  cutting  edge  would  likely  be  too  soft  in 
one  place  and  too  brittle  in  another. 

(5.  The  tool  dresser  sliould  thoroughly  understand  how 
iron  (an  be  converted  into  steel  by  carbonization  and  steel 
into  iron  by  the  oxidation  of  a  portion  of  its  carbon.  For 
example,  if  a  piece  of  white-hot  iron  is  buried  in  powdered 
charcoal  and  the  air  kr.\}l  away  from  it,  the  skin  of  the  iron 
becomes  carbonized  and  converted  into  steel,  and  if,  on  the 


SSfi 
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uiher  luttid,  a  liar  ••{  red-hut  steel  is  buried  in  oxidr  of  iron, 
the  skin  (»f  the  steel  beeomes  decarbonized  or  converted  into 
nwlleabic  iron.  In  the  same  way,  If  the  cutting  edge  of  a 
bit  is  made  red  hot  in  a  forge  fire  and  kept  at  that  heat  for 
some  time,  it  will  be  decarbonized  or  converted  into  mallea- 
ble iron.  This  is  why  care  shonld  be  exercised  in  heating 
the  drill. 

7.  The  bits  of  drills  give  better  results  when  tempered 
in  thick  oil  or  coal-tar  than  when  tempered  in  water,  the 
reason  being  that  the  water  rapidly  chills  the  thin  parts  and 
the  skin  of  the  thick  parts,  which  produces  uneven  hardness 
in  the  bit,  while  the  oil  or  tar  cools  the  bit  more  gradually 
and  evenly  and  renders  it  more  tough.  If  it  iu  found  thai 
a  certain  bit  should  be  dipped  ia  water  when  it  has  a  blue 
color,  it  should  be  dipped  in  oil  when  it  has  a  purple  color. 
In  other  words,  in  order  to  produce  the  same  degree  of 
hardness  while  tempering  with  oil  that  has  been  obtained  by 
tempering  with  water,  the  bit  should  be  dipped  in  the  oil 
when  it  has  the  color  which  precedes  the  one  which  it  has 
when  dipped  in  water  to  obtain  the  best  temper.  This  is 
due  to  the  fact  that  the  oil  cools  the  bit  more  slowly.  In  all 
cases  the  oil  makes  the  bit  tougher  and  more  reliable  than  it 
can  be  made  by  the  use  of  water. 

S.     The  best  temper  for  bits  made  of  good  steel  is  pro- 

^^uced  by  dipping  the  bit  in  water  when  it  is  bbie.  or  In  nil 

^■ftien  it  is  a  very  light  blue. 

^^PS.      The  colors  are  deep  and  distinct  for  yood  steel  and 

^Tcarcely  perceptible  for  poor  steel ;  conseijucntly,  a  practised 
eye  can  determine  very  accurately  the  qnaliiy  of  the  steel 
by  the  depth  of  the  running  colors.      Art.  30. 


The  general  rule  for  the  ; 

Rule. —  /7ii-  iHi lite  of  the  ; 

p/  core  varies  itiversriy  n: 

yif. 


bnve  may  be  sl.Tted  as  follows: 
ecorJ  fnrniskeii  by  the  diamona 
the  value  per  ton  of  the  deposit 


a 
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Stating  this  differently,  we  have  the  following 

Rule. —  riie  value  of  the  record  furnished  by  the  diamond 
drill  is  greater  when  prospecting  for  low-grade^  uniformly 
distributed  ores  than  when  prospecting  for  high-grade  irreg- 
ularly distributed  ores.     Art.  IIO* 


FORMULAS    USED    IN    COMPRESSED-AIR    COAL- 
CUTTING    MACHINERY. 


CAI.CULATIONS   RRLATirVG    TO   PICK   MACHINES. 

Let   U  =  work  done  per  stroke ; 
//  =  horsepower ; 
y  z=  velocity  of  pick  in  feet  per  second  at  moment  of 

impact ; 
IV  —  weight  of  pick  and  piston  in  poimds; 
f  =  cutting  force  of  pick  in  pounds; 
a   =  area  of  piston  in  square  inches; 
d  ==  depth  of  cut  per  stroke  in  feet; 
g  =:32.U>; 

/   =  length  of  stroke  in  feet; 
;/  =  numl^er  of  strokes  per  minute; 
p  =  steam  pressure  in  pounds  j>er  square  inch. 

The  work  done  by  each  stroke  of  machine  is 

(    = .  (I.)     Art.  24. 

'I'he  force  of  a  blow  struck  l)y  the  macliine  is 

/^=    ,—  r.  (2.)     Art.  25. 

The  velocity  of  I  lie  [)ick  at  impact  is 


r^  \    '--^^    =  S   :^!  -.  (3.)     Art.  27. 
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CAIXl'I.ATIOKS  Ut:I.ATIXG  TO  CHAIX-Cl'-rTI-:H  M. 

I  Let  /■'=  cutting  force  of  uulttr  fhaiii  in  poimdi 
r         /"=  horsepower  of  engine; 
S  ■=  speed  of  cutter  chain  in  feet  pi 
I  ^_/'X  .■J^!.0(K1 

■ 
u 
I 


ute. 


(4.)     Art.  42. 


RII.ES  AM*   FORMULAS  USED  IN    l>V.\AMOS 
AM)   MOTOHS. 


llR^:cTlnN  OF  Lixiss  of  forck  ahodnd  a  conductor. 

//  ///(■  iiirrent  is  flowin};  in  the  eoiiduclor  away 
from  the  ol'st-rvcr.  I  htm  the  direction  of  the  lines  vf  force  wiU 
he  arouttd  the  conductor  in  the  direction  of  the  hands  of  a 
watch.     Art.  26. 


■       TO  dbtrrmine:  thb  polarity  of  a  bolbnoid. 

P  Rule. — In  looking  at  the  end  of  the  helix,  if  it  is  so  ivound 
that  the  cnrrent  cirenlates  around  the  helix  in  the  direction  of 
the  hands  of  u  watrh,  that  end  will  be  a  south  pole  ;  if  in  the 
other  direction,  it  will  be  a  north  pole.     Art.  29. 


rp.hihtamck  of  cmnuuctorb. 

,  Let  r,  =  original  resistance  of  a  conductor; 
r.  —  changed  resistance ; 
l^  =  uriginal  length; 
/,  =  changed  length; 
a,  =  original  sectional  area; 
rtj  =  changed  sectional  area; 
D=  original  diameter; 
d  =  changed  diameter; 
k  =  temperature  coefficient; 
/   =  rise  or  fall  in  lemperatnr< 
in  the  k'niith  of  a  co 


degrees  Fahrenheit, 


(I.)     Art.  40. 
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For  a  change  in  the  sectional  area  of  a  conductor: 


^  = 


^^l 


(2.)     Art.  41. 


For  a  change  in  the  diameter  of  a  conductor: 

r  D^ 
.r,  =  ^^.  (3.)     Art.  42. 

For  a  rise  in  the  temperature  of  a  conductor: 

r,  =  r,  (1  +  /  ^).  (4/)     Art.  46. 

For  a  fall  in  the  temperature  of  a  conductor: 

r. 


r.  = 


•""1+^*' 


(5.)     Art.  47. 


RESISTANCES  AND  TEMPERATURE  COEFFICIENTS  OF 

DIFFERENT   METALS. 


Name  of  Metal. 


Silver,  annealed 

Copper,  annealed 

Silver,  hard-drawn.  .  . . 
Copper,  hard-drawn... 

Gold,  annealed 

Gold,   hard-drawn 

Aliimiinun,   annealed.  . 

Zinc,    pressed 

Platinum,  annealed.  .  .  . 

Iron,  annealed 

Nickel,  annealed 

Tin,  pressed 

Lead,  pressed 

German  Silver 

Antimony,   pressed.  .  .  . 

Mercury 

Bismuth,  pressed 


-,.       .           '  ,      Relative  .'Temperature 

Microhms  per  r>     .  .  /->     ^  •     ^ 

_      ,    *^  Resistance.  Coefficient. 

Cu.  In.       I  i 


•5921 
.6292 

•6433 

•6433 
.8102 

.8247 

I . 1470 
2  .  2150 

3-5^>5o 
3-^250 

4.9070 

5 . 2020 

7 . 7280 

8 . 2400 

1 3 . 9800 

37- 1500 

si  .  6c:oo 


I  .000 

1.063 
1.086 
1.086 
1.369 

1-393 

1-935 

3-741 
6.022 

6.460 

8.285 

8.784 

13-050 
13.920 

23 .600 

62.730 

87.230 


.002094 
.002155 
.002094 
.002155 
.002028 
.002028 


.002028 


.002028 
.002150 
.000244 
.002161 
.000400 
.001967 
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CURRRNT  STRBNGTH,  BLBCTROMOTIVB   FORCE,  AND 

RBSISTANCB. 

Let  C  =  strength  of  current  flowing  in  a  closed  circuit ; 
E  =  electromotive  force ; 
R  =  resistance. 

C=-j^.  (6.)     Art.  61. 

/?  =  ^.    .         (7.)     Art.  62. 
£=zCR.  (8.)     Art.  63. 


TO  FIND  THB  AVAILABLE  BL.BCTROMOTIVB  FORCB 

IN   A  CBLL. 

Let  /i  =  the  total  generated  E.  M.  F.  ; 

£'  =  available  E.  M.  F.  when  the  circuit  is  closed; 
C  =  the  current  flowing  when  the  circuit  is  closed, 
r^  =  the  internal  resistance  of  the  cell. 

E'  =  E-C r,.  (9.)     Art.  67. 


THB  CURRENT   AND  RESISTANCE  IN  BRANCHES  OF 

DIVIDED  CONDUCTORS. 

Let  r,    =  resistance  of  first  branch ; 
r,    —  resistance  of  second  branch ; 
r,   =  resistance  of  third  branch; 
r,    =  current  in  first  branch; 
c^    =  current  in  second  branch; 
C   =  sum  of  the  currents  in  the  two  branches; 
A'*  =  joint  resistance  of  two  branches  in  parallel; 
R'"  =  joint  resistance  of  three  branches  in  parallel. 

c,  =  -^'  .  (lO.)     Art.  69. 

'     ^  +  ^ 

r,  =  —r'-'  (11-)     Art.  69. 

^.  +  ^ 
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T  r 


R"'  = 


r  -\-  r 


r  r  r 

18       3 


(12.)     Art.  7\ 


r^r,  +  r^r^^r^r^ 


(13.)     Art.  72, 


BLGCTRICAI.  QUANTITY. 

Let  (2  =  quantity  of  electricity  in  coulombs: 
C  =  current  strength  in  amperes; 
/  =  time  in  seconds; 


(?=C/. 


(14.)     Art.  76. 


./       = 


F.  P. 

Q 
C 

t 

li 

R 

\V 

W.  P. 


BLBCTRICAL  ^WORK  AND  POLITER. 

electrical  work  in  joules; 

work  in  foot-pounds; 

quantity  of  electricity  in  coulombs; 

current  in  amperes; 

lime  in  seconds  dnrin<T^  which  the  current  flows; 

potential,  or  E.  M.  P.,  of  circuit; 

resistance  of  circuit; 

f)owcr  in  watts; 

liorsc  power. 


/  =  C  E  t. 
J^C'Rt 


/  = 


A^  • 


F.  P.  =.7373/. 
\V=  CE. 
\V=  C'R. 


ir= 


IP 

:r' 


(15.) 

(16.) 

(17.) 

(18.) 

(19.) 

(20.) 

(21.) 

Art.  78. 
Art.  78. 


Art.  78. 


Art.  79. 
Art.  80, 
Art.  80, 


Art.  80. 
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H.  P.  =  -^.  (22.)     Art.  81. 

W^=  H.  P.  X  740.  (23.)     Art.  82. 


TO  DBTBRMINB  THK  DIRBCTION  OF  THB  CURRBNT 
QBNBRATBD   IN   A   CONDUCTOR. 

Rule. — Place  thfiinb,  forefinger^  a  mi  middle  finger  of  the 
right  hand  so  that  each  will  be  perpendicular  to  the  other  two; 
if  the  forefinger  points  in  the  direction  of  the  lines  of  force 
and  the  thumb  points  in  the  direction  towards  which  the  con- 
ductor is  vtovifig,  then  the  middle  finger  will  point  in  the  di- 
rection towards  which  the  current  generated  in  the  conductor 
tcfids  to  floiu.     Art.  8. 


DBTBRMINATION  OP  BLRCTROMOTIVB  FORCB. 

Let  /:  =  maximum  electromotive   force  obtained   at  the 

brushes; 
iV=  total  number  of  lines  of  force  passing  from  the 

north  pole  througli  the  core  to  the  south  pole; 
S  =  number  of  outside  wires  on  the  periphery  throup^h 

which  the  current  flows  /;/  series ; 
n  =  number  of   complete   revolutions  per  second  of 

the  core. 

^  =  ?^^'.  (I.)     Art.  23. 


TO   DBTBRMINB  THB    DIRBCTION  OF  MOTION    IMPARTBO 

TO   A  CONOUCTORe 

Rule. — Place  thumbs  forefinger^  and  middle  finger  of  the 
left  hand  each  at  right  angles  to  the  other  two  ;  if  the  fore- 
finger points  in  the  direction  of  the  lines  of  force  and  the 
middle  finger  points  in  the  direction  towards  which  the  cur- 
rent flows,  then  the  thumb  will  point  in  the  direction  of 
movement  imparted  to  the  conductor.     Art.  26. 
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BFFICIBNCY  OF  A  DYNAMO. 

Let  /  =  input  of  a  dynamo; 
O  =  output ; 
E  =  efficiency,  per  cent. 

^^100X^_  (2.)     Art.60. 


PBR  CBNT.  LOS»  IN   A    DYNAMO. 

Let  L  =  per  cent,  loss; 
/  =  input; 
O  =  output; 
E  =  efficiency,  per  cent. 

^^imi^l)  (3.)     Art.  61 

When  the  output  and  efficiency  are  given: 

f=m^.  (4.)     Art.  62. 

When  the  input  and  efficiency  are  j^iven: 

O  =  {^^,.  (5.)     Art.  63. 


RELATION     BKTWRKN     AI.TlvWX  ATIIVG    AND     DIRECT-Ct'R- 
Hli.XT   VOLTAGK   IN    WOTARV   TRANSFORMERS. 

TvCt   /:  —  alternating  voltaj^c; 
/ '  =  direct-current  voltage. 

For  single-pliase  transformers: 

/:'  -:  .ro:  /:        (i.)    Art.  45. 

For  tliree-phase  transformers: 

/:  :=:  JWZ  r.  (2.)     Art.  47. 
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HORSBPOWBR,  TORQUB,  ANU  NUMBBR  OF  RBVOLUTIONS 

OP  MOTORS. 

Let  H.  P.  =  horsepower ; 
T    =  torque; 
5     =  number  of  revolutions  per  minute. 

H.  P.  =  .00011)04  TS,  (3.)     Art.  62. 


FORMULAS    USED    IN    ELECTRIC    PUMPING, 
SIGNALING,  AND    LIGHTING. 


CURRBNT  RBQUIRBU  FOR   INCANOBSCBNT  LAMPS. 

Let      c     =  current; 

c.  p.  =  candle-power  of  lamp; 
E    =  voltage  at  which  lamp  is  operated. 

^^cjx_x_3^  (,.)     Art.  48. 


niAMBTBR    ANI>   CROSS-SECTION   OP   WIRKS. 

Let   6  J/=  area  of  cross-section  in  circular  mils; 
d    =  diameter  in  mils. 

CM=d\  Art.  55. 


ARBA  OP  WIRBS  TO  CARRY    A   GIVBN   CURRBNT. 

Let  6  =  current  supplied  over  the  line; 

L  =  total  length  of  the  line  ///  /trt  (i.  e.,  distance  to 

lamps  and  return); 
E  =  voltage  at  end  of  circuit  where  lights  are  located ; 
^  =  percentage  drop  (i.  e.,  percentage  of  voltage  at 

the  lamps) ; 
A  =  area  of  cross-section  of  wire  in  circular  mils. 
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lo.sxLxCxim  ^^^ 

^^ia8x^2<_£.  (3.)    Art.  60. 

volts  drop  ^     ' 


RULBS    ANI>     FORMULAS     USED     IN     ASSAYING. 


CAL,CULATING   WBIGHT   OF  GOLD  AND  SILVBR 

FROM   A»SAY    BUTTONS. 


Gold  and  Silver. 

Rule. —  The  U'cight  of  the  button  in  milligrams  divided 
by  the  i\jeight  of  ore  taken  in  assay  tons  gives  the  7iumbcr 
of  ounces  per  ton. 

Or,  letting  a'  =  weight  of  button  in  mg.  ; 

[F=  weight  of  ore  taken  in  A.  T.  ; 
N  =  number  of  ounces  per  ton, 


tt' 


we  have  A' =      ,.      Arts.  30,  120. 


Ores  Contalnin^r  Metallic   Scaler. 

Let  //  =  weight  of  the  pulp  in  grams  ; 
/i  =  weight  of  the  scales  in  grams  ; 
6  =  assay   value  of  pulp  in  ounces  of  gold  or  silver 

per  ton  (or  mg.  per  A.  T.)  ; 
/)=  weight    of    the    gold    <)r    silver   in   the  scales,  in 

milligrams  ; 
A^=  number  of  milligrams  of  gold  or  silver  per  A.  T., 

or  the  number  of  ouiu'es  per  ton. 

then,  A  — —      —    ~rj~   ~-      ^^^"^-   1 24. 

A  -\-  n. 
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FORMULAS    USED    IN    PLACER    AND 
HYDRAULIC    MINING. 


DISCHARGE    OF  WBIMS. 

Let  /  =  length  of  the  weir  in  feet ; 
//=  measured  head  in  feet; 
V  =  velocity  with   which    the    water    approaches  the 

weir  in  feet  per  second; 
A  =  head  equivalent  to   the  velocity  with  which  the 

water  approaches  the  weir,  or  a  head  which  would 

produce  a  velocity  equal  to  v; 
c  =  coefficient  of  discharge; 
Q  =  actual  discharge  in  cubic  feet  per  second. 

Then  the  actual  discharge  for  weirs  with  end  contractions 
is 

(2  =  5.347^/(//+^//)*,  (1.) 

where  the  water  approaches  the  weir  with  a  velocity  equiva- 
lent to  the  height  //,  and 

(?=:5.347^///^  (2.) 

where  the  water  has  no  velocity  of  approach. 

The  actual  discharge  for  weirs  without  end  contractions  is 

(9=5.347r/(//+L4//)^  (3.) 

where  the  water  has  a  velocity  of  approach,  and 

C^=5.347^///^  (4.) 

where  the  water  has  no  velocity  of  approach.     Art.  lOl, 


VELOCITY    OF   APPROACH. 

Let  A  =  the  area  of  the  cross-section  of  the  canal; 
V  =  the  velocity  of  approach; 
Q  =  the  quantity  of  water. 

Then,  z'  =  ^. 
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Q  may  be  obtained  approximately  by  assuming  that  v  is 
equal  to  zero  and  applying  the  formula  for  the  class  of  weir 
in  question,  as  given  above.  Having  obtained  this  quantity 
Q  and  from  it  the  value  of  z\  the  equivalent  head  A  may  be 
found  by  the  following  formula: 

//  =  0.01555  z/'.  (5.) 

Since  7f  is  small  with  a  properly  constructed  weir,  it  is  usually 
neglected  unless  great  accuracy  is  required.     Art.  102* 


RULES  USED  IN  METAL  MINING. 


FIRING  A  BLAST  BY  ELBCTRICITY. 

To  insure  success  in  firing  a  blast  by  electricity,  the  follow- 
ing points  should  be  observed : 

1.  That  the  battery  wire  and  primers  are  suitable  to 
each  other.  (Never  use  primers  of  two  different  kinds  in 
the  same  blast.) 

2.  That  the  battery  is  of  sufficient  power  to  fire  all  the 
caps  or  primers  connected  at  one  time. 

3.  That  the  electric  fuses  or  primers  are  kept  in  a  dry 
place,  and  that  everything  is  kept  as  clean  as  possible. 

4.  That  all  the  joints  at  connections  and  points  of  contact 
of  the  wires  are  well  made,  and  that  the  surfaces  are  clean. 
Also,  that  the  joints  in  one  wire  do  not  touch  those  in 
another. 

5.  That  the  wires  do  not  kink  or  twist  so  as  to  cut  the 
insulation  during  the  |)roccss  of  lamping.  (If  the  insulation 
is  cut,  the  fuse  is  useless  for  wet  ground  or  a  wet  hole  and 
should  be  laid  lo  one  side.) 

G.  That  the  operator's  hands  do  not  touch  the  terminals 
of  the  battery  when  firing. 

7.  That  the  battery  is  not  connected  to  the  leading  wire 
or  (\ible  until  every  one  is  in  safety.      Art.    15)2. 
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RULES  USED  IN  ORE  DRESSING    AND  MILLING. 


LAW  OF  EQUAL  FALLING   PARTICLES. 

Bodies  falling  freely  in  a  fluid  descend  at  speeds  propor- 
tional to  their  weights  divided  by  the  resistance  of  the 
fluid. 


i\    vm.—j6 


